Declaration under 37 CFR § 1.132 of John Anderson, Ph.D. 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 

Riqiang Yan et al. 

Application Nos.:; 10/801,938; 10/801,493; 11/713,091 

and 11/753J31 

Art Unit: 1639 

For: SUBSTRATES AND ASSAYS FOR B- Examiner: J.S. Lundgren 

SECRETASE ACTIVITY 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

DECLARATION OF JOHN P. ANDERSON. Ph.D. UNDER 37 CFR 1.132 

I, John P. Anderson, Ph.D., hereby declare as follows: 

A: Declarant's Background, QuaUfications and Disclosure of Interest 

A 1 . The patent applications identified above concern p-secretase enzyme 
substrates and assays that employ such substrates. I have extensive experience and education 
in biochemistry and the experimental methods and analyses described in the patent 
applications. My curriculum vitae provides evidence of my experience in the field and is 
included as Exhibit A. 

A2. The U.S. patent applications identified above are owned by Elan 
Pharmaceuticals, Inc. I am currently employed by Elan Pharmaceuticals, Inc. 

B. Purpose of the Declaration 

Bl . The patent applications identified above, U.S. Patent Application Nos. 
10/801,938, 10/801,493, 11/713,091 and. 11/753.331 share a common specification 
(description of the invention) and share the same original filing dates of July 19, 2000 
(Provisional U.S. Patent Application No. 60/219,795), March 12. 2001 (Provisional U.S. 
Patent Application No. 60/275,251) and July 19, 2001 (U.S. Patent Application No. 
09/908,943). 1 have reviewed the patent specification in detail. Briefly, the specification 
describes P-secretase (BACE) enzymes, non-natural ly occuiring substrates of these enzymes 
and uses of such substrates {e.g., use in assays to identify inhibitors of P-secretase enzyme 
activity). I have also reviewed the claims that are currently pending in each of the patent 
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applications identified above. Thus, I am familiar with the disclosure of the invention 
provided by the specification and the claims presented by the inventors based upon the 
disclosure. The currently pending claims for each of the cases are appended as Exhibits B, C, 
D and E as indicated below. 

B2. I understand that in each of the identified patent applications, the 
pending claims have been rejected by the U.S. Patent and Trademark Office. I have reviewed 
the current rejections of the claims in each of the cases and the points raised by the Examiner 
are nearly identical with respect to each of the applications. For simplicity I will refer to the 
Final rejection in U.S. Patent Application No. 10/801,938 that is dated September 15, 2009 
even though, unless stated otherwise, my comments are applicable to all of the applications 
listed above. 

83. I understand that the Examiner has rejected claims under the "written 
description" section of the patent laws and taken the position that a skilled artisan would not 
have recognized that the inventors were in possession of the invention, as presently claimed, 
at the time the application was tiled. In particular, the Examiner states that "[t]he claims 
contains subject matter which was not described in the specification in such a way as to 
reasonably convey to one skilled in the relevant art that the inventors, at the time the 
application was filed, had possession of the claimed invention," Action at page 2. 

34. The written description requirement has been explained to me and 1 
understand that an essential goal of the description of the invention requirement is to clearly 
convey that an applicant has invented the subject matter which the applicant claims as the 
invention. I understand that another objective of this requirement is to put the public in 
possession of the invention that is claimed. To satisfy the written description requirement, a 
patent specification must describe the claimed invention in sufficient detail that a person of 
average skill in the field of the invention can reasonably conclude that the inventor(s) had 
possession of the claimed invention. An applicant shows possession of the claimed invention 
by describing in the patent application the claimed invention with all of the details that are 
found in the claims using descriptive means such as words, structures, figures, diagrams, 
tables and formulas that fully set forth the claimed invention. There is no requirement that 
the language of the claims be found word-for-word in the application, as long as the subject 
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matter that is claimed is supported in the specification as a whole, through some combination 
of express, implicit or inherent disclosure. 

B5. The process of determining the adequacy of an application's written 
description involves interpreting the claims, to determine what the claims cover; and 
reviewing the application in its entirety to understand whether and how the application 
provides description of the subject matter covered by the claims. The subject matter of a 
claim would be the structure of a product defined by a claim, or the acts of a process defined 
by a claim, for example. This review is conducted from the standpoint of a person of average 
skill in the field of the invention at the time that the application was filed, with the 
understanding that the application is written for such persons and the specificity of the 
disclosure need not be as detailed with respect to features within the knowledge and skill of 
such persons. Thus, information which is well known to those in the field of the invention 
need not be described in detail in the application. 

C. General Observations 

(i) Introduction and Baclt^round 

C 1 . The subject matter of the applications has been partly summarized by 
the Examiner in the paragraphs bridging pages 4 and 5 of the Final Office Action. The 
Examiner indicates that one aspect of the invention concerns methods for screening for 
inhibitors of a class of aspartyl protease enzymes, known as P-secretase (or BACE) enzymes, 
that are involved in the progression of Alzheimer's disease (AD). Briefly, the Examiner 
states: 

Applicants provide a clear and succinct background of the invention by 
detailing certain biochemical pathways in the formation of plaques responsible 
for AD. An origin of these plaques is the amyloid protein precursor (APP), 
which when first processed by an enzyme having P-secretase activity, 
followed by an enzyme having y-secretase activity, causes the formation of a 
40/42 amino acid peptide plaque known as Ap. 

Accordingly, the development of methods for identifying 
compounds that might one day serve as potential P-secretase inhibitors are 
undoubtedly needed by the biomedical community in order to accelerate the 
development of AD drug candidates. Action at pages 4-5. 

For the purposes of such laboratory methods, the wild type (wt) human APP polypeptide is 

cleaved by P-secretase inefficiently in vitro and preferred substrates of the invention are 
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substrates that are cleaved more eftkiently than wt-APP. Even more preferable are substrates 
that are cleaved more efficiently than the "Swedish mutant' of APP that is known to be 
cleaved very efficiently and is associated with an early onset inherited form of AD in a small 
Swedish population {see, e.g., page 6 of the specification). 

C2. A scientist with typical experience in the technical field of the 
applications around the years of 2000 or 2001 would have had a Ph.D. in molecular biology, 
biochemistry or a related discipline and at least a few years of post-doctoral research 
experience. Based on my educational background and research experience, I would have 
been considered a person of at least ordinary skill at the time the applications were originally 
filed. My curriculum vitae provides evidence of my experience and education in this 
technical field and is included as Exhibit A. Based on my substantial expertise I consider 
myself qualified to render an opinion about what "a person of ordinary skill in the art" would 
have understood regarding the invention described the patent applications at the time that 
they were filed. Unless specifically stated, all of the observations and opinions set forth 
below reflect what a person of average skill would have concluded at the time the 
applications were filed e.g., around July 19, 2000. 

(ii) Teaching of the Various Classes of the Invention 

C3. A review of the applications reveals a detailed description of P- 
secretase substrates and methods for their use. Pages 3-6 of the specification detail some of 
the general, physical characteristics of P-secretase substrate peptides. In general, the 
substrates are defined by the amino acids that occupy certain positions relative the P-secretase 
cleavage site. The positions are numbered using a nomenclature that was standard in the 
field. The positions on the amino-terminal side of the cleavage are indicated with a "P" and a 
subscripted number indicating the distance from the cleavage site. Likewise, positions on the 
carboxyl-terminal side of the cleavage are indicated in an identical fashion with the addition 
of a 'prime' notation above the Arabic numeral. For example, the four amino acids 
surrounding the P-secretase cleavage site are designated P2 Pi PrPj- and are amino acids 
"KMDA" in wild type APP protein, and amino acids "NLDA" in the Swedish mutation form 
of APP (using standard one-letter abbreviations for the amino acids). On pages 3 and 4, for 
example, the application discloses that a substrate will comprise at least 4 amino acids at 
positions P2, Pi, Pi> and ?r relative to the cleavage site {i.e., wherein the cleavage site is 
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between Pi and Pr). The specification goes on to describe the physical properties that are 
preferred at each of the four positions that flank the protease cleavage site as well as positions 
that are more distant from the site of cleavage. In addition to basic peptide substrates and 
fusion proteins comprising the peptide sequences, a number of additional modified substrates 
are disclosed in the patent applications. For example, peptides may comprise tags or labels. 
In particular, a number of internally quenched labels are described (see, the paragraph 
spanning pages 37-38). Fusion proteins and chimeric proteins that may be constructed from 
the substrates are also described on pages 7 and 8. For instance, on page 8, lines 4-8, AFP 
derivative molecules are discussed wherein the P-secretase cleavage site is modified to match 
a disclosed substrate sequence. In further aspects, polynucleotide constructs encoding 
substrates are described as well as transformed cells and animals for expression of substrates 
sequences. Uses for substrates of the invention include assay methods for identifying 
modulators of p-secretase activity. For example, on page 9, lines 1-8, methods for assaying 
for modulators of P-secretase activity using a substrate and a mammalian P-secretase are 
described. Assay methods may further involve measuring the cleavage of a substrate in 
presence or absence of a putative modulator to identify a modulator of P-secretase activity 
(page 9, lines 7-13). Assay methods include cell free and cell based assays and a detailed 
description of specific assays is set forth in the Examples that begin at page 79. 

(iii) Teaching Regarding Peptide Substrates of the Invention 

(a) Substrate Peptide Lengtli 

C4. The claims that are currently pending in the various applications 
specify that the peptide P-secretase substrates have at least six amino acids. The specification 
describes peptide substrates that have, for instance, 6 or more amino acids (see, e.g., page 27, 
lines 29-32) and the inventors specifically contemplated substrates comprising six or more 
amino acids on page 28, lines 1-3 as a peptide having a motif that comprises F3P2Pi-PrP2P3-. 
The specification also teaches that longer peptides can be cleaved by P-secretase, and, in fact, 
longer peptides are preferred in that they can be cleaved more efficiently than shorter 
sequences. For instance, studies presented on page 25 and in Table 5 demonstrate that longer 
peptide substrates are cleaved more efficiently than otherwise identical, shorter peptides. The 
studies presented in the application tested peptide substrates that were 10 amino acids in 
length or larger. However, the disclosed studies were designed to determine the requisite 

5 



Declaration under 37 CFR § 1.132 of John Anderson, Ph.D. 



physical properties of residues that are proximal to the cleavage site and the length of the test 
substrates was maintained as a constant in this investigation. A person of ordinary skill 
would have understood that the study was not designed to demonstrate the minimum length 
of a suitable substrate. Thus, it would have been recognized that the invention encompassed 
substrates of at least four amino acids and that the inventors also specifically contemplated a 
genus of substrates having six or more amino acids. 

(b) Peptide Core Structure 

C5. The studies presented in the application elucidate the structure for 
novel synthetic P-secretase substrates by identifying preferred amino acid properties at the 
positions that define the P-secretase cleavage site, and in particular, the four residues that 
flank the cleavage site. It is these four residues that are most important to cleavage activity, 
accordingly the four cleavage cite proximal residues and their preferred physical properties 
are defined beginning at page 3, line 27, of the specification. The physical properties of a 
particular residue at a particular position is the most crucial factor that affects the ability of a 
substrate to be cleaved. Hence, by making single amino acid substitutions at a particular 
position while maintaining identical residues at other positions, the specific physical 
properties that are favorable to substrate cleavability at each position were elucidated by the 
inventors. Review of the studies comprising such substitutions at each position provides 
information regarding the general physical properties that are preferred and most preferred at 
each position. Based on these studies the inventors have deduced a genus of residues having 
similar physical properties that may be used at the given position to favor a cleavable 
substrate. Table 6 on page 30 of the application represents a summary of the specific amino 
acid residues that are preferred at the cleavage site proximal posifions. It is clear to me and it 
would have been clear to a person of average skill in the field from Table 6 and related text 
that the inventors contemplated peptide substrates wherein P2 is N, L, K, S, G, T, D, A, Q or 
E; P| is Y, L, M, Nle, F or H; P, is E, A, D, M, Q, S or G; and Pr is V, A, N, T, L, F and S, 
each independently of the other. The reader understands Table 6 to provide a concise 
description of each of the 10x6x7x7=2,940 peptide substrates defined by independently 
selecting P2 Pi Pi • and P2' fi-om the choices provided in the Table. In addition to describing 
these 2,940 substrates individually and as a collective group, the application also describes 
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subsets (smaller groups) of more specific amino acids at certain positions that are shown to 
yield highly active substrates. 

C6. The description of P-secretase substrates provided in the application 
includes data from a number of experimental studies. The inventors described studies of the 
P-secretase cleavage of decapeptide substrates including cleavage sites from ubiquitin and the 
oxidized insulin B chain. In general, the tested substrates was found to be cleaved less 
efficiently than a peptide corresponding to Swedish mutant form of APP; however, the 
oxidized insulin B chain substrate was found to be cleaved with similar efficiency (see, page 
1 5, line 23 to page 16, line 1 5). The inventors then compared the initial test peptide 
sequences with sequences for cleavage sites in known or predicted p-secretase substrates 
(page 16, lines 12-15). From this analysis a second round of substrates was developed 
wherein amino acid substitutions were made in the background of an oxidized insulin B- 
chain sequence and tested for activity OS-secretase processing or cleavage). The second 
round of studies encompassed amino acid substitution at position P2-P3- and the results of the 
studies are summarized in Table 2 (on page 20). Similarly, studies were conducted wherein 
amino acid substitutions were made at the Pj-Ps- in a ubiquitin peptide background and it was 
found that each of the substrates was cleaved by y?-secretase more efficiently than wild type 
APP and certain substrates were cleaved at a rate that approached that of the Swedish mutant 
peptide (see, e.g., Table 3 on page 21 and the text spanning page 21, line 27 to page 22, line 
4). Further studies examined the effect of amino acid substitution at positions P2-P2' in an 
APP peptide background. These results are shown in the Table 5 on page 24. Taken 
together, the studies not only elucidate the preferred properties for amino acids in the four 
positions closest to the cleavage site, but also demonstrate that the cleavability of substrates is 
largely independent of the flanking peptide sequence. In other w ords, ;5-secretase substrates 
having a cleavage site defined by P2-P2- can be cleaved regardless of whether they are flanked 
by sequence derived from APP, ubiquitin or the insulin B chain. 

(c) Amino Acids Flanking the Core Structure 

C7. The Examiner asserts, at Pages 6-7 of the Office Action, that the 
application does not provide adequate teaching regarding the effect on the substrate cleavage 
efficiency of sequences flanking the four amino acids that are closest to the cleavage site. A 
person in the field would have expected from experience that the residues closest to the 
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cleavage site would have more influence on cleavage than more distant residues. Moreover, 
as summarized above in paragraph C6, when the four cleavage site proximal residues were 
moved from an ubiquitin to an insulin B-chain background, and then into a wild-type APP 
peptide background, cleavage activity was observed in all cases. Thus, experience with other 
enzymes and more importantly actual evidence described in the application for p-secretase 
indicated that residues more distant from the cleavage site typically have much less effect on 
cleavability of the substrate and that a wide variety of amino acid substitutions in the flanking 
sequence could be employed. In addition, the application provides extensive teaching 
regarding residues that are preferred at more distant amino acid positions. For example, 
Table 6 on page 30 presents the preferred amino acid substitutions from position P4-P4' that 
were deduced by the inventors based upon the studies presented in the applications. 
Furthermore, as outlined above, results shown in Table 5 on page 25, demonstrate that 
additional of amino acid residues to the amino-terminus of a substrates can enhance cleavage 
efficiency (i.e., compare the cleavage results with SEQ ID NO: 145 to SEQ ID NO: 141). 
The inventors provide exemplary larger proteins that can be used as a basis for to select 
flanking residues in larger peptides and proteins. Thus, the specification does provide 
significant guidance with regard to selection of further flanking residues even though the 
influence of sequences more distant from the cleavage site is less crucial to cleavage 
efficiency than the cleavage site proximal residues. 

(d) Genera of Peptide Substrates 

C8. As I explain above, a person of average skill in the field of the 
invention would understand from Table 6 and the surrounding text in the patent application 
that the inventors contemplated each one of the 2,940 permutations for P2PiPrP2' as defining 
an individual substrate sequence of their invention. It is equally clear that Table 6 as a whole 
defines a genus of 2,940 species of substrate having unique P2PiPrP2' sequences, and that the 
inventors contemplated this genus as part of their invention. 

C9. It is my opinion that the patent application also conveys to the person 
of average skill in the field that other groupings of substrates (larger than one member and 
smaller than 2,940 members) also were contemplated as aspects of the invention. In fact, the 
inventors specifically identified in the application some of the groupings that they 
contemplated. 
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C 1 0. For example, some genera are specifically defined by teachings in the 
application that the inventors had a preference for a smaller subset of amino acids, or a single 
amino acid, at one or more positions. In other words, if the inventors indicated that they 
preferred one of the ten position amino acids listed in Table 6, a person of average skill 
would understand from such teaching that the inventors contemplated a preferred genus of 
sequences defined by that one amino acid at position and any of the other amino acids set 
forth in Table 6 for positions P| Pp and P2' (6, 7, and 7, respectively) thereby defining a 
preferred genus of 1x6x7x7 = 294 sequences. 

C 1 1 . There are many real examples in the application of these subgenera 
that the inventors specifically contemplated as part of their invention, where one or more 
residues are defined by fewer than all of the choices in Table 6. For example, on page 19, 
lines 8-11, the inventors identify some highly preferred amino acids that may be substituted 
in specific positions in^ff-secretase substrates. In particular, asparagine (N) is a preferred 
residue at P2; residues Y, F and L are preferred at Pi; residues E, A and D are preferred at Pr; 
and valine (V) is preferred at position P2'. These excerpts of the application define multiple 
subgenera of)S-secretase peptide substrates to a person of average skill in the field. For 
example, four subgenera are defined where one of the four positions of P2PiPi'P2- have the 
more restricted definition, but the other three positions do not; six subgenera are defined 
where two of the positions have the restricted definition in the text and two do not; three 
subgenera are defined where three positions are restricted; and one subgenus is defined where 
all for positions of P2PiPrP2' have the restricted definition. This last subgenus has nine 
sequence permutations for P2PiPi P2' (1x3x3x1). 

(e) "Possession of the Invention": How to Make 

C 1 2. By the year 2000, the ability to make peptide substrates was quite 
advanced. If a laboratory wanted a peptide of a specified sequence, it could provide the 
sequence to a technician who could make a reasonably pure quantity of the peptide using 
highly automated peptide synthesis machinery. Thus, the simple teaching of the necessary 
core peptide sequence in the patent application placed a person in the field "in possession" of 
the peptides per se. 
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(f) Use of Peptides in Methods of the Invention 
C 1 3 . The application describes practicing the methods of the invention with 
peptides or fusion proteins of the invention. A person of average skill would understand from 
such statements that the inventors contemplated using any or all of the peptides proteins that 
are defined as products of their invention in the methods of the invention. It would have been 
a matter of routine screening, using assays taught in the invention, to weed-out substrates in 
Table 6 with less than ideal activity, from the substrates that were readily cleaved by P- 
secretase enzyme. 

D. The Amended Claims Presented in each Application 

D 1. In general the pending claims in each of the applications concern 
isolated peptides that are cleaved by a human aspartyl protease and methods to assay for 
modulators of y9-secretase activity by contacting a polypeptide with ^-secretase activity with a 
substrate in the presence or absence of a putative modulator compound. The claimed peptide 
substrates are further defined as having ( 1 ) at least six amino acids, (2) a defined genus of 
residues are the P2-P2 positions flanking the yff-secretase cleavage site, and (3) the ability to 
be cleaved by a specified human aspartyl protease. As discussed above the application 
details a number of assay methods to determine y3-secretase activity and exemplifies such 
methods. Furthermore, the application describes specific sequences for ;8-secretase substrates 
that may be used in such methods. In view of the detailed disclosure regarding the peptide 
sequences and substrate sequences for use in claimed assay methods, it would have been 
recognized that the inventors were in possession of the presently claimed assay methods and 
the substrates for use therein. 

(i) The Claims in U.S. Patent Application No. 10/801,938 

D2. The claims in U.S. Patent Application No. 10/801,938 concern assay 
methods employing any of a genus of modified APP molecules comprising a modified p- 
secretase processing site defined as follows: P2 is N; Pi is F; Pf is A; or P2' is A (see claim 
84 from the '938 application in Exhibit B). 

(a) Definition of the Subgenus 

D3. As explained above the specified amino acid residues at the P;-P2' 
position of the APP molecule are specifically set forth as some of the preferred residues for 
10 
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each position in the description on page 5. lines 10-17 of the application and in Table 6 on 
page 30. The amino acids claimed at positions P;. Pi and P, - are coextensive with those listed 
in Table 6 on page 30. Furthermore, the specification discloses that optimized peptide 
substrates may comprise a A at the P2- position (see. e.g., the Swedish mutation and page 24). 
A person of average skill would have understood that the teachings regarding a preferred 
value at P2' could and should be combined with teachings regarding the preferred Table 6 
residues for position P2. P| and Pr that claim 84 defines a subgenus of peptides that were 
specifically contemplated by the inventors. This subgenus of peptides may be tested using 
standard methods in the art to confirm that these peptides are preferred substrates. Moreover, 
the application specifically contemplates that some preferred substrates may be "mutant or 
derivative AFP molecules in which the natural P-secretase cleavage site of wild-type APP has 
been modified . . ." (page 8, lines 4-6). 

(b) Studies concerning the subgenus 

D4. Experimental results in the applications indicated that larger substrates 
having additional amino terminal amino acid sequence, such as a modified APP molecule as 
recited in the claims of the '938 patent, are preferred because they exhibit enhanced cleavage 
rates (see. e.g.. results in Table 5 and on page 25, lines 18-20 of the specification). 
Furthermore, the application specifically demonstrates the functionality of peptide substrates 
that comprise N, L, K (see, wt APP). S. G, T (see, the ubiquitin amino acid sequence) D and 
A at the P2 position; Y. L, M (.see. e.g. wt APP), Nle, and F at the Pi position; E, A, D, M 
and S at the P]- position; and A al the P2- position (see. e.g.. Table 4 on page 24). Moreover 
polypeptides having predicted /?-secretase cleavage sites that are analyzed by the inventors in 
Table 1 on pages 17-18, exemplify substrates having a E at position P2 (one of the cleavage 
sites in oxidized insulin B-chain, SEQ ID NO: 37); Q at position P,- (the oxidized insulin A- 
chain, SEQ ID NO: 28); and G at position Pi (one of the cleavage sites in oxidized insulin B- 
chain, SEQ ID NO: 37 and two cleavage sites on the Notch polypeptides, SEQ ID NOS: 39 
and 40). 

D5. Studies published in International (PCT) Patent Publication No. WO 
02/094985 demonstrate that a substrate have the claimed genus of P2P1-P1P2' as NF-AA is 
cleaved 17 time more efficiently than a peptide having the Swedish mutant App sequence 
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(SEQ ID NO: 259 in Table 3 on Page 42). This post-filing publication provides evidence of 
the functionality of the claimed substrates. 

(c) Conclusion 

D6. A person of average skill would have appreciated from teachings of the 
specification that the inventors were in possession of the claimed assay methods and the 
recited genus of modified APP substrates in the assay methods. It would have been expected 
that the vast majority of the substrates in the genus would be cleaved by y5-secretase. 
Furthermore, in view of the detailed description regarding methods for screening yff-secretase 
substrates, a skilled worker would recognize that only routine screening would be needed to 
determine whether any particular substrate defined in the claims would exhibit cleavage 
activity optimal for use in assays for ^-secretase modulators. 

(ii) The Claims in U.S. Patent Application No. 10/80 1,493 
D7. The claims in U.S. Patent Application No. 10/801,493 concern assay 
methods employing a genus substrates at least six amino acids in length comprising a 
modified y9-secretase cleavage site defined by the sequence P2Pi-Pi'P2' wherein P2 is N,; Pi is 
F; Pr is E; and P2- is A. (See, for example, claim 84 of the '493 application in Exhibit C.) 

(a) Definition of the Subgenus 

D8. As detailed above, the inventors explicitly contemplated this subgenus 
of substrates: the residues at positions P2Pi-Pi P2- as defined in the claim were disclosed 
verbatim as the preferred amino acids for those positions in Table 6 on page 30, and at page 
5, lines 10-17 of the specification. 

(b) Studies Concerning the Subgenus 

D9. The genus defined in Table 6 and repeated in claim 84 was deduced 
from the studies of peptide substrates that are detailed in the application. The application 
specifically demonstrates the functionality of peptides that comprise N, (see, wt APP) at the 
P2 position; F at the Pi position (a predicted /?-secretase substrate also comprises a H at the P, 
position see, e.g., SEQ ID NO: 33 at page 18 of the specification); E at the P)' position; and A 
at the P2' position {see, e.g., Table 2 on page 20, Table 3 on page 21 and Table 4 on page 24). 
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Dl 0. Studies published in International (PCX) Patent Publication No. WO 
02/094985 demonstrate that a substrate have the claimed genus of P2Pi-PrP2' as NF-EA is 
cleaved 1 7 time more efficiently than a peptide having the Swedish mutant App sequence 
(SEQ ID NO: 260 in Table 3 on Page 42). This post-filing publication provides evidence of 
the functionality of the claimed substrates. 

(c) Conclusions 

Dl 1. A person of average skill would have appreciated from the teaching in 
the specification that the inventors were in possession of the recited genus of substrates for 
use in the assay methods claimed in the case. It would have been expected that the vast 
majority of the substrates in the genus would be cleaved by ^-secretase. Furthermore, in 
view of the detailed description regarding methods for screening /9-secretase substrates, a 
skilled worker would recognize that only routine screening would be needed to determine 
whether any particular substrate defined in the claims would exhibit cleavage activity optimal 
for use in assays for yS-secretase modulators. 

(iii) The Claims in U.S. Patent Application No. 1 1/713,091 

D12. The claims in U.S. Patent Application No. 1 1/713,091 concern a genus 
of isolated peptides that are at least six amino acids in length comprising a modified P- 
secretase cleavage site defined by the sequence P2Pi-PrP2- wherein Pa is N, L, K, S, G, T, D, 
A, Q or E; Pi is Y, L, M, Nle, F or H; Pr is E, A, D, M, Q, S or G; and P2' is A, N, T, L, F, S 
or V. (See, for example, claim 21 of the '091 application in Exhibit D.) 

(a) Definition of the Subgenus 

D13. As detailed above, the inventors explicitly contemplated this subgenus 
of substrates: the residues at positions P2P1-P1P2' as defined in the claim were disclosed 
verbatim as the preferred amino acids for those positions in Table 6 on page 30, and at page 
5, lines 10-17 of the specification. 

(b) Studies Concerning the Subgenus 

D14. The studies presented in the application support the inventors' analysis 
that the genus defined in the preceding quotation comprises highly preferred ;ff-secretase 
substrates. Specifically, the application demonstrates that 23 peptide sequences within the 
claimed genus [SEQ ID NO: 5 (NYEV), SEQ ID NO: 133 (NLEV), SEQ ID NO: 7 (NYAV), 
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SEQ ID NO: 46 (NYDV), SEQ ID NO: 47 (NLAV), SEQ ID NO: 48 (LY-AV), SEQ ID 
NO: 120(TLEV), SEQ ID NO: 134 (NnleEV), SEQ ID NO: I35(NnleEV), SEQ ID NO: 136 
(NnleDV), SEQ ID NO: 137(SLDV), SEQ ID NO: 138{SLDV), SEQ ID NO: 143 (SYDA), 
SEQ ID NO: 144 (SYEA), SEQ ID NO: 141 (SYEV), SEQ ID NO; 145 (SYEV), SEQ ID 
NO: 147 (SYEV), SEQ ID NO: 148 (SYEV), SEQ ID NO: 149(DYEV), SEQ ID NO: 150 
(DTEV). SEQ ID NO: 1 5 1 (DYEV), SEQ ID NO: 1 52 (SYEV), SEQ ID NO: 1 53 (DYEV)] 
are cleaved by p-secretase (see, e.g.. Tables 2, 3, 4 and 5 on pages 20, 21, 24 and 25 of the 
specification respectively). 

(c) Conclusions 

Dl 5. A person of average skill would have appreciated from the teaching in 
the specification that the inventors were in possession off the claimed assay methods when 
the applications were tiled. It would have been expected that the vast majority of the 
substrates defmed by the claimed subgenus would be cleaved by /?-secretase. In any case, in 
view of the inventor's disclosure, it would have been a matter of routine screening to identify 
and weed-out inactive or suboptimal substrates. 

(iv) The Claims in U.S. Patent Application No. 11/753^31 

D16. The claims in U.S. Patent Application No. 1 1/753,33 1 concern a genus 
of isolated peptides that are at least six amino acids in length comprising a modified fi- 
secretase cleavage site defined by the sequence P2Pi-PrP2' wherein P2 is N, S, or D; Pi is Y, 
L or Nle; Pr is E, A, or D; and Pr is A or V. (See, for example, claim 21 of the '331 
application in Exhibit E.) 

(a) Definition of the Subgenus 

Dl 7. As detailed above, the inventors explicitly contemplated this subgenus 
of substrates: the residues at positions P2Pt-PrP2- as defined in the claim were disclosed 
verbatim as the preferred amino acids for those positions in Table 6 on page 30, and at page 
5, lines 10-17 of the specification. 

(b) Studies Concerning the Subgenus 

Dl 8. The studies presented in the application support the inventors' analysis 
that the genus defmed in the preceding quotation comprises highly preferred /^-secretase 
substrates. Specifically, the application demonstrates that 21 peptide sequences within the 
14 
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claimed genus [SEQ ID NO: 5 (NYEV), SEQ ID NO: 1 33 (NLEV), SEQ ID NO: 7 (NYAV), 
SEQ ID NO: 46 (NYDV), SEQ ID NO: 47 (NLAV), SEQ ID NO: 48 (LYAV), SEQ ID NO: 
134 (NnleEV), SEQ ID NO: 135 (NnleEV), SEQ ID NO: 136 (NnleDV), SEQ ID NO: 137 
(SLDV), SEQ ID NO: 138(SLDV). SEQ ID NO: 143 (SYDA), SEQ ID NO: 144(SYEA), 
SEQ ID NO: 141 (SYEV). SEQ ID NO: 145{SYEV), SEQ ID NO: 147(SYEV), SEQ ID 
NO: 148 (SYEV), SEQ ID NO: 149(DYEV). SEQ ID NO: 151 (DYEV), SEQ ID NO: 152 
(SYEV), SEQ ID NO: 153 (DYEV)] are cleaved by p-secretase {see. e.g., Tables 2, 3, 4 and 5 
on pages 20, 21, 24 and 25 of the specification respectively). 

(c) Conclusions 

D19. A person of average skill would have appreciated from the teaching in 
the specification that the inventors were in possession off the claimed assay methods when 
the applications were filed. It would have been expected that the vast majority of the 
substrates defined by the claimed subgenus would be cleaved by /^secretase. In any case, in 
view of the inventor's disclosure, it would have been a matter of routine screening to identify 
and weed-out inactive or suboptimal substrates. 

1: The State of the Art 

(i) References cited by the Examiner 

El. A number of references have been cited by the Examiner that were 
published after the inventor's patent application was filed: Gruninger-Leitch etal. {J. Biol. 
Chem., 277:4687-4693, 2002), Majer etal. (Protein Science 6: 1458-1466, 1997), Saudere^ 
al. (J. Mot. Biol, 300:241-248, 2000), Shi etal. (J. Alzheimer's Disease 7: 139-148, 2005), 
and Tomasselli etal. (J. Neurochem., 84:1006-1017, 2003). I have reviewed each of these 
references and provide my comments below. 

(a) Gruninger-Leitch et al. 

E2. The Examiner points to Gruninger-Leitch et al. as providing 
information about the state of the art at the time the application was filed, although it was 
published after the filing date. The authors of Gruninger-Leitch et al. used an experimental 
approach that is similar to that of the inventors, amino acid substitutions at cleavage site 
proximal residues to address the substrate specificity ofy9-secretase (BACE). Additionally, 
15 
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cleavage of peptides from several random peptide libraries was examined to determine 
possible amino acid substitutions at various positions. In particular, the Examiner points out 
that Gruninger-Leitch et al. show that a single point mutation at the Pp or P4 of the Swedish 
mutant cleavage site results in a drop in the rate of cleavage of the peptide substrate; 
nonetheless, the mutated substrates remained cleavable (see. Table 1 on page 4689). 
Essentially, what the studies presented in Gruninger-Leitch el al. show is that "BACE accepts 
a wide variety of peptidic substrates and. in contrast to other mammalian aspartic proteases, 
prefers acidic or polar residues at the P2 and PI ' positions . . ." (page 4692, first column). 
This finding confirms what is disclosed by the inventors in the subject patent applications that 
are the subject of this analysis. The further studies by Gruninger-Leitch et al. indicate that 
the vast majority of the peptide substrates disclosed in Table 6 of the patent application will 
be cleaved by yff-secretase. 

(b) Majer et al. 

E3. The E.\aminer also cited Majer et al. 1 997 indicating that Majer et al. 
shows evidence that residues further from the /?-secretase cleavage site (e.g., other than P2P1- 
PrPr) are of also important considerations that contribute to the cleavability of the substrate 
(Paragraph bridging Pages 8 and 9 of the Office Action). However, Majer et al. describes the 
development of inhibitors of the aspartyl protease cathepsin D based on site specificity. The 
amino acid substitutions described by Majer et al. concern the Pepstatin A peptide inhibitor 
compound. Therefore, the enzymatic activity measured in Majer et al. is inhibitory potency 
rather than cleavage by the protease. Because Majer et al. does not study protease substrates 
and also does not concern yff-secretase, this reference does not provide any tangible 
information regarding peptide substrates disclosed and claimed in the patent applications 
currently under scrutiny. The conclusion in Gruninger-Leitch that "BACE accepts a wide 
variety of peptide substrates" is certainly more pertinent than Majer et al.'s analysis of peptide 
inhibitors of a different enzyme. 

(c) Sauder et al 

E4. Sauder et al., a reference cited by the Examiner illustrates the 
interaction of a peptide substrate and an aspartyl protease at the enzymatic cleavages cite. 
Figure 4 of Sauder shows a six amino acid peptide centered at the cleavage site that spans the 
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BACE binding/cleavage pocket. The figure further indicates residues of BACE that interact 
with the P2-P2- positions which illustrates why these residues are far more important to 
proteolytic cleavage as compared to residues at positions more distant to the cleavage site. 
Thus, Sauder et al. supports the opinion that I and persons of average skill in the field would 
share that the patent application has adequately described the structure of its substrates by 
focusing on the P2 Pi PrP2 amino acids. (Of course, the application gives guidance for the 
structure at more distant resides as well.) 

(d) Tomasselli^/aiL 

E5. Tomasselli et al. is a publication by some of the inventors of the patent 
applications and studies presented comprise data that is presented in the patent applications. 
As discussed above, the studies support the disclosure in the applications and show that the 
defined genera of peptide substrates are cleaved by /i-secretase {see, e.g.. Table I on page 
1010). Tomaselli et al., also supports the conclusion that the addition of additional residues 
N- or C-terminai to the core sequence of substrate can enhance cleavage activity. 

(e) Shi etaL 

E6. Shi et al. was published after the filing of the patent applications and 
provides fiirther analyses regarding the cleavage of various yff-secretase substrates. Similar to 
the inventors, the authors of Shi et al. focused on amino acid substitutions at the P2-P2' 
positions (see Table 2 at page 142). Of the 24 peptides tested for cleavage activity, all but 
two were cleaved by P-secretase with equal or greater efficiency as compared to the wt-APP 
sequence. The studies in Shi et al. further confirm that the P2-P2- positions of substrate 
pepfides are the most important for cleavage efficiency and that broad range of substitutions 
can be made with out compromising the ability of a substrate to be cleaved. Specifically, Shi 
et al. concludes that "results of this present investigation further indicate that BACE] can 
accept a wide variety of amino acid residues at the P-scissile-bond of its substrate both in 
vitro and in cells," (page 146, second column, second paragraph). The conclusions that were 
reached by Shi et al. further confirm that the inventor's disclosure regarding the P-secretase 
substrates was sufficient to support the claims that are pending in the applications under 
examination. 
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(ii) Additional reference that characterize the state of the art 

(a) Oliveiea etaL 

E7. Oliveira et al. {Anal. Biochem., 203:39-46, 1 992; Exhibit F) is a 
publication that concerns fluorometric methods for assessing protease activity. This 
reference is representative of knowledge that was available when the applications were filed. 
Oliveira etal. described the design of quenched fluorometric substrates for the protease 
rennin, which like P-secretase, is an aspartyl protease. Oliveira et al. demonstrate that a 
quenched fluorometric substrate having only six amino acids acts as a specific and efficient 
substrate for human rennin (see. Table 2 at page 43). Thus, at the time the application was 
filed, a person of average skill in the field would have recognized that peptides as small as 
six-amino acids in length were suitable protease substrates for aspartyl proteases. 
Furthermore, Oliveira etal. demonstrates that substrates of aspartyl proteases need not 
comprise additional residues outside of the immediate cleavage site to be efficiently cleaved. 
For this reason it would be expected that the most important amino acid positions in 
substrates would be those that flank the cleavage site {e.g.. P2-P2 ). Thus, Olivera et al. 
supports my opinion, and that of persons of average skill in the field, that the patent 
application has adequately described the structure of the P-secretase substrates by focusing on 
the P2 Pi PrP2' amino acids. 

(b) Andrau et al. 

E8. Andrau et al. (J. Biol. Chem, 278:25859-25866, 2003; Exhibit G) was 
published after the patent applications were filed and describes the development of p- 
secretase assays using quenched fluorometric substrates. Andrau et al. fiirther shows that the 
disclosure provided by the subject patent applications was sufficient with regard to the length 
p-secretase peptide substrates. For example, the specific substrates described by Andrau et 
al. (shown in figure 3 on page 25861 ) are six amino acids in length. Furthermore, the 
substrate sequences used correspond to wt-APP (JMV 2235) and Swedish mutant APP (JMV 
2236) and both were shown to be effective to assess p-secretase activity. Thus, even the wt- 
APP sequence that is disclosed in the applicants to exhibit cleavage that is much less efficient 
than the Swedish mutant sequence is shown by Andrau et al. to be effective in assays for 
enzyme activity. Furthermore, Andrau et al. confirms that the cleavage site proximal amino 
acid positions are the most important for substrate cleavability. Specifically, the substrates of 
18 
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Andau et al. only comprise the six positions flanking the cleavage site and thereby confirm 
that residues out side of this region are only peripherally involved in substrate cleavability. 
Thus, Andrau et al. provides further confirmation of the sufficient disclosure in the 
specification regarding peptide p-secretase substrates. 

(c) PCX Patent publication No. WO 02/094985 

E9. International (PCX) patent application published as WO 02/094985 
was filed by Merck after the subject patent applications were filed and concerns P-secretase 
substrates. This publication confirms the teachings provided in the present application 
regarding p-secretase substrates that may be used in the claimed assay methods. In particular, 
the most active substrates identified in WO 02/094985 are listed on Table 3 at page 42 and 
these peptides have amino acid sequences that are coextensive with the substrate sequences 
indicated in Table 6 on page 30 of the subject specification. The most active of the substrates 
analyzed in the Merck application is cleaved 60 times more efficiently than a peptide 
corresponding the Swedish mutant APP sequence (SEQ ID NO: 262 in Table 3 on Page 42) 
and has as P2-P2- sequence (NFEV) that is specifically described as a preferred substrate 
subgenus in the patent application {see e.g.. paragraph D14 above). Furthermore, the 
disclosure of the Merck application supports to opinion that peptides having a wide variety of 
sequences may be used as p-secretase substrates. For example, see Tables 2 on pages 36-39 
(and descriptive te.xt on page 1 1, lines 21-23) that lists 256 individual peptides that may be 
used as P-secretase substrates. Thus, WO 02/094985 also provides confirmation of the 
sufficient disclosure of p-secretase substrates in the specification. 
F. Conclusion 

Fl . In view of the foregoing comments it is my opinion that the claims set 
forth in the indicated U.S. patent applications (U.S. patent application nos. 10/801,938, 
10/801,493, 1 1/713,091, 1 1/753,331) are sufficiently supported by the specification such that 
the skilled artisan would recognize that the inventors were in possession of the claimed 
invention at the time the applications were filed. 1 and ordinarily skilled artisans disagree 
with Examiner's assessment of what is fairly disclosed in the specification, what is 
demonstrated by the related literature and what would reasonably be concluded regarding 
untested peptides, based on existing evidence that BACE is tolerant of a wide array of peptide 
substrates. 
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F2. I hereby declare that all statements made herein of my own knowledge 



are true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful felse statements may jeopardize the 
validity of any U.S. patent issued in this application. 
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EXHIBIT B 



Pending Claims 
10/801,938 

84. A method for assaying for modulators of P-secretase activity, 

comprising: 

(a) contacting a polypeptide with P-secretase APP processing activity 
with a substrate, both in the presence and in the absence of a putative modulator 
compound; 

wherein said substrate comprises an APP molecule having a modified p- 
secretase processing site defined by formula P2Pi-Pi P2', wherein: 
P2-is N; 
Pi is F; 
Pris A; 
Pr is A; 

wherein the substrate is cleaved between Pi and Pi - by a human aspartyl 
protease encoded by the nucleic acid sequence of SEQ ID NO: 1 or SEQ ID NO: 3 (Hu- 
Asp2); and 

wherein said peptide does not comprise the corresponding P2Pi-PrP2' 
portion of amino acid sequence depicted in SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID 
NO: 21, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 31, SEQ ID 
NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID 
NO: 37, SEQ ID NO: 38, or SEQ ID NO: 39; 

(b) measuring cleavage of the substrate peptide in the presence and in 
the absence of the putative modulator compound; and 

(c) identifying modulators of P-secretase activity from a difference in 
substrate cleavage in the presence versus in the absence of the putative modulator 
compound, wherein a modulator that is a P-secretase antagonist reduces such cleavage 
and a modulator that is a p-secretase agonist increases such cleavage. 



85. (previously presented) The method of claim 84, 

wherein the modified P-secretase processing site is defined by formula 
P2Pi-PiP2P3,and 

wherein Py comprises an amino acid selected from the group consisting of 
E, G, F, H, cysteic acid and S, 

86. (canceled) 

87. The method of claim 85, wherein the modified p-secretase 
processing site is defined by the formula P2Pi-PrP2 P3', wherein P3- is E. 

88. The method of-claim 85, wherein the modified P-secretase 

processing site is defined by the formula P3P2Pi-PrP2 P3'. wherein P3 is an amino acid 
selected from the group consisting of A, V, I, S, H, Y, T and F. 

89. The method of claim 88, wherein P3 comprises an amino acid 
selected from the group consisting of 1 or V. 

90. The method of claim 88, wherein the modified P-secretase 
processing site is defined by the formula P4P3P2Pi-Pi P2'P3' wherein P4 is an amino acid 
selected from the group consisting of E, G, I, D, T, cysteic acid and S. 

91 . The method of claim 90, wherein the modified P-secretase 
processing site is defined by the formula P4P3P2Pi-Pi'P2'P3'P4', wherein P4. is an amino 
acid selected from the group consisting of F, W, G, A, H, P, G, N, S, and E. 

92-95. (canceled) 



96. The method of any one of claims 84, 85 or 87-91 wherein the APP 
molecule fiirther comprises a first label. 



97. The method of claim 96 wherein the APP molecule ftuther 
comprises a second label. 

98. The method of any one of claims 84, 85 or 87-91 wherein the APP 
molecule further comprises a detectable label and a quenching moiety, wherein cleavage 
of the APP molecule between Pi and Pp separates the quenching moiety from the label to 
permit detection of the label. 

99. The method of claim 85, wherein said cysteic acid comprises a 
covalently attached label. 

1 00. The method of any one of claims 84, 85 or 87-9 1 , wherein the rate 

of cleavage of said APP molecule by said human aspartyl protease is greater than the rate 
of cleavage of a polypeptide comprising the human APP P-secretase cleavage sequence: 
SEVKMDAEFR (SEQ ID NO: 20). 

101. The method of any one of claims 84, 85 or 87-91, wherein the rate 
of cleavage of said APP molecule by said human aspartyl protease is greater than the rate 
of cleavage of a polypeptide comprising the human APP Swedish KM->NL mutation, P- 
secretase cleavage sequence SEVNLDAEFR (SEQ ID NO: 19). 

1 02. (currently amended) The method of any one of claims 84, 85 or 
87-91, wherein the polypepetide with P-secretase APP processing activity comprises an 
amino acid sequence selected from the group consisting of 

(a) the amino acid sequence of SEQ ID NO: 2, 

(b) a fragment of the amino acid sequence of SEQ ID NO: 2 that 
retains P-secretase APP processing activity, wherein said fragment includes the aspartyl 
protease active site tripeptides DTG and DSG, 



(c) an amino acid sequence that is at least 95% identical to (a) or (b), 
wherein the polypeptide includes the aspartyl protease active site tripeptides DTG and 
DSG and exhibits p-secretase APP processing activity; 

(d) the amino acid sequence SEQ ID NO: 4, 

(e) a fragment of the amino acid sequence of SEQ ID NO: 4 that 
retains p-secretase APP processing activity, wherein said fragment includes the aspartyl 
protease active site tripeptides DTG and DSG, and 

(f) an amino acid sequence that is at least 95% identical to (d) or (e), 
wherein said fragment includes the aspartyl protease active site tripeptides DTG and DSG 
and exhibits p-secretase APP processing activity. 

1 03. The method of any one of claims 84, 85 or 87-91 , wherein the 
polypeptide with P-secretase APP processing activity comprises an amino acid sequence 
selected from the group consisting of 

(a) the amino acid sequence of SEQ ID NO: 2; and 

(b) a fragment of the amino acid sequence of SEQ ID NO: 2 that 
retains P-secretase APP processing activity, wherein said fragment includes the aspartyl 
protease active site tripeptides DTG and DSG. 

104. A method according to claim 103, wherein the polypeptide with P- 
secretase APP processing activity comprises a polypeptide purified and isolated from a 
cell transformed or transfected with a polynucleotide comprising a nucleotide sequence 
that encodes the polypeptide. 

1 05 . A method according to claim 95, 

wherein the APP molecule is expressed in a cell transformed or 
transfected with a polynucleotide comprising a nucleotide sequence that encodes the APP 
molecule. 



wherein the cell expresses the polypeptide with P-secretase APP 
processing activity; 

wherein the contacting comprises growing the cell in the presence and 
absence of the test agent, and 

wherein the measuring step comprises measuring APP processing activity 

of the cell. 

106. A method according to claim 105, wherein the contacting 
comprises administering the test agent to a transgenic non-human mammal that 
comprises the cell. 

107. A method according to claim 84, wherein the polypeptide is 
encoded by a polynucleotide comprising the nucleotide sequence selected from the group 
consisting of: 

(a) the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO; 3, 

(b) a nucleotide sequence that hybridizes under the following stringent 
hybridization conditions to the complement of SEQ ID NO: 1 or 3: 

( 1 ) hybridization at 42°C in a hybridization buffer comprising 

6x SSC and 0.1% SDS, and 

(2) washing at 65°C in a wash solution comprising Ix SSC 

and 0.1% SDS; 

wherein said nucleotide sequence encodes a polypeptide that exhibits P- 
secretase APP processing activity. 

1 08. The method of claim 84, wherein the modified p-secretase 
processing site is defined by the formula P4P3P2P|-Pi'P2 P3'P4' as provided by SEQ ID NO: 
5, SEQ ID NO: 7, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO: 48, SEQ ID NO: 115, 
SEQ ID NO: 116, SEQ ID NO: 117, SEQ ID NO: 118, SEQ ID NO: 119, SEQ ID NO: 
133, SEQ ID NO: 135, SEQ ID NO: 136, SEQ ID NO: 137, SEQ ID NO: 141, SEQ ID 



NO: 143, SEQ ID NO: 144, SEQ ID NO: 145, SEQ ID NO: 147, SEQ ID NO: 149, SEQ 
ID NO: 150, SEQ ID NO: 151, SEQ ID NO: 152 or SEQ ID NO: 153. 



109. (canceled) 

1 1 0. The method of claim 88, wherein the peptide comprises a sequence 
of amino acids defined by the formula PsPiPi-Pi Pz-Ps-, wherein P3 is V, P2 is N, Pi is F, 
Pi is A, P2' is A and P3' is E. 



EXHIBIT C 

Pending Claims 
10/801,493 

84. A method for assaying for modulators of P-secretase activity, 

comprising: 

(a) contacting a polypeptide with P-secretase APP processing activity 
with a substrate, both in the presence and in the absence of a putative modulator 
compound; 

wherein said substrate comprises a peptide having an amino acid sequence 
of at least 6 amino acids, said amino acid sequence including four amino acids defined by 
formula P2P1-P1P2', wherein: 

P2 is N; 

P, is F ; 

Pr is Et 

P2' is A-S; 

wherein the substrate is cleaved between Pi and Pr by a human aspartyl 
protease encoded by the nucleic acid sequence of SEQ ID NO: 1 or SEQ ID NO: 3 (Hu- 

Asp2); and 

wherein said peptide does not comprise the corresponding P2P1 -Pi Pa- 
portion of amino acid sequence depicted in SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID 
NO: 21, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 31, SEQ ID 
NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID 
NO: 37, SEQ ID NO: 38, or SEQ ID NO: 39; 

(b) measuring cleavage of the substrate peptide in the presence and in 
the absence of the putative modulator compound; and 

(c) identifying modulators of p-secretase activity from a difference in 
substrate cleavage in the presence versus in the absence of the putative modulator 



compound, wherein a modulator that is a P-secretase antagonist reduces such cleavage 
and a modulator that is a p- secretase agonist increases such cleavage. 

85. The method of claim 84, 

wherein said substrate comprises a peptide having an amino acid sequence 
of at least 6 amino acids, said amino acid sequence including five amino acids defined by 
formula PaPi-Pi-PaPa', and 

wherein Py comprises an amino acid selected fi-om the group consisting of 
E, G, F, H, cysteic acid and S. 

86-87. (canceled) 

88. The method of claim 85, wherein the peptide comprises a 
sequence of amino acids defined by the formula P3P2Pi-PrP2'P3', wherein P3 is an amino 
acid selected fi-om the group consisting of A, V, I, S, H, Y, T and F. 

89. The method of claim 88, wherein P3 comprises an amino acid 
selected fi-om the group consisting of I or V. 

90. The method of claim 88, wherein the peptide comprises a sequence 
of amino acids defined by the formula P4P3P2Pi-PrP2 P3'P4' wherein P4 is an amino acid 
selected from the group consisting of E, G, I, D, T, cysteic acid and S. 

91 . The method of claim 90, wherein the peptide comprises a sequence 
of amino acids defined by the formula P4P3P2Pi -Pi P2 P3'P4' wherein ?4' is an amino acid 
selected fi-om the group consisting of F, W, G, A, H, P, G, N, S, and E. 



92-93. (canceled) 



94. The method of claim 84, wherein said substrate comprises an 
amyloid precursor protein (APP) amino acid sequence with a modified P-secretase 
processing site defined by said formula P2Pi-Pi'P2'. 

95 . The method of any one of claims 84, 85 or 88-9 1 , wherein said 
peptide comprises an amino acid sequence having up to 50 amino acids. 

96. The method of any one of claims 84, 85, 88-91 or 94 wherein the 
peptide further comprises a first label. 

97. The method of claim 96 wherein the peptide fiirther comprises a 

second label. 

98. The method of any one of claims 84, 85, 88-91 or 94 wherein the 
peptide further comprises a detectable label and a quenching moiety, wherein cleavage of 
the peptide between Pi and Pr separates the quenching moiety from the label to permit 
detection of the label. 

99. The method of claim 85, wherein said cysteic acid comprises a 
covalently attached label. 

100. The method of any one of claims 84, 85, 88-91 or 94, wherein the 

rate of cleavage of said peptide by said human aspartyl protease is greater than the rate of 
cleavage of a polypeptide comprising the human APP P-secretase cleavage sequence: 
SEVKMDAEFR (SEQ ID NO: 20). 

101 . The method of any one of claims 84, 85, 88-91 or 94, wherein the 
rate of cleavage of said peptide by said human aspartyl protease is greater than the rate of 
cleavage of a polypeptide comprising the human APP Swedish KM-*NL mutation, p- 
secretase cleavage sequence SEVNLDAEFR (SEQ ID NO: 19). 



102. The method of any one of claims 84, 85, 88-91 or 94, wherein the 
polypepetide with p-secretase APP processing activity comprises an amino acid sequence 
selected from the group consisting of 

(a) the amino acid sequence of SEQ ID NO: 2, 

(b) a fragment of the amino acid sequence of SEQ ID NO: 2 that 
retains p-secretase APP processing activity, wherein said fragment includes the aspartyl 
protease active site tripeptides DTG and DSG, 

(c) an amino acid sequence that is at least 95% identical to (a) or (b), 
wherein the polypeptide includes the aspartyl protease active site tripeptides DTG and 
DSG and exhibits P-secretase APP processing activity; 

(d) the amino acid sequence SEQ ID NO: 4, 

(e) a fragment of the amino acid sequence of SEQ ID NO: 4 that 
retains p-secretase APP processing activity, wherein said fragment includes the aspartyl 
protease active site tripeptides DTG and DSG, and 

(f) an amino acid sequence that is at least 95% identical to (d) or (e), 
wherein said fragment includes the aspartyl protease active site tripeptides DTG and DSG 
and exhibits P-secretase APP processing activity. 

103. The method of any one of claims 84, 85, 88-91 or 94, wherein the 
polypeptide with p-secretase APP processing activity comprises an amino acid sequence 
selected from the group consisting of 

(a) the amino acid sequence of SEQ ID NO: 2; and 

(b) a fragment of the amino acid sequence of SEQ ID NO: 2 that 
retains p-secretase APP processing activity, wherein said fragment includes the aspartyl 
protease active site tripeptides DTG and DSG. 

1 04. A method according to claim 1 03, wherein the polypeptide with p- 
secretase APP processing activity comprises a polypeptide purified and isolated from a 



cell transformed or transfected with a polynucleotide comprising a nucleotide sequence 
that encodes the polypeptide. 



1 05. A method according to claim 95, 

wherein the substrate is expressed in a cell transformed or transfected with 
a polynucleotide comprising a nucleotide sequence that encodes the substrate, 

wherein the cell expresses the polypeptide with P-secretase APP 
processing activity; 

wherein the contacting comprises growing the cell in the presence and 
absence of the test agent, and 

wherein the measuring step comprises measuring APP processing activity 

of the cell. 



1 06. A method according to claim 1 05, wherein the contacting 
comprises administering the test agent to a transgenic non-human mammal that 
comprises the cell. 



1 07. A method according to claim 84, wherein the polypeptide is 
encoded by a polynucleotide comprising the nucleotide sequence selected from the group 
consisting of: 

(a) the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO; 3, 

(b) a nucleotide sequence that hybridizes under the following stringent 
hybridization conditions to the complement of SEQ ID NO: 1 or 3: 

( 1 ) hybridization at 42°C in a hybridization buffer comprising 
6x SSCand0.1%SDS,and 



(2) washing at 65°C in a wash solution comprising Ix SSC 

and0.1%SDS; 

wherein said nucleotide sequence encodes a polypeptide that exhibits P- 
secretase APP processing activity. 

108. A method according to claim 84, wherein the substrate comprises a 
peptide having an amino acid sequence selected from the group consisting of SEQ ID 
NO: 5, SEQ ID NO: 7, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO: 48, SEQ ID NO: 
115, SEQ ID NO: 116, SEQ ID NO: 117, SEQ ID NO: 118, SEQ ID NO: 119, SEQ ID 
NO: 133, SEQ ID NO: 135, SEQ ID NO: 136, SEQ ID NO: 137, SEQ ID NO: 141, SEQ 
ID NO: 143, SEQ ID NO: 144, SEQ ID NO: 145, SEQ ID NO: 147, SEQ ID NO: 149, 
SEQ ID NO: 150, SEQ ID NO: 151, SEQ ID NO: 152 and SEQ ID NO: 153. 

109. (canceled) 



1 1 0. The method of claim 88, wherein the peptide comprises a sequence 
of amino acids defined by the formula PaPaPi-Pi-Pa Ps-, wherein P3 is V, P2 is N, Pi is F, 
Pp is E, P2' is A and Py is E. 



EXHIBIT D 



Pending Claims 
11/713,091 

14. (currently amended) The isolated peptide of claim [[1]] 21 comprising a first 
label. 

15. (original) The isolated peptide of claim 14 further comprising a second label. 

16. (currently amended) An isolated peptide according to claim [[1]] 21, further 
comprising a detectable label and a quenching moiety, wherein cleavage of the 
peptide between P, and P/ separate the quenching moiety from the label to 
permit detection of the label. 

20. (currently amended) The isolated peptide of claim [[1]] 21, wherein said peptide 
comprises an amino acid sequence selected from the group consisting of SEQ ID 
N0:5; SEQ ID N0:6; SEQ ID N0:7; SEQ ID N0:8; SEQ ID N0:9; SEQ ID 
NO: 10; SEQ ID NO: 11; SEQ ID NO: 12; SEQ ID NO: 13; SEQ ID NO: 14; 
SEQ ID NO: 15; SEQ ID NO: 16; SEQ ID NO: 17, SEQ ID NO: 18; SEQ ID 
NO: 120; SEQ ID NO: 133; SEQ ID NO: 134; SEQ ID NO: 135; SEQ ID 
NO:136; SEQ ID NO:137; SEQ ID NO:138; SEQ ID N0:141; SEQ ID 
NO: 143; SEQ ID NO: 144; SEQ ID NO: 145; SEQ ID NO: 147; SEQ ID 
NO: 148; SEQ ID NO: 149; SEQ ID NO: 150; SEQ ID NO: 151; SEQ ID 
NO: 152; SEQ ID NO: 153; SEQ ID NO: 154; SEQ ID NO: 155; SEQ ID 
NO: 156; SEQ ID NO: 157; SEQ ID NO: 158; SEQ ID NO: 159; SEQ ID 
NO: 160; SEQ ID NO: 161; SEQ ID NO: 162; SEQ ID NO: 163; SEQ ID 
NO: 164; SEQ ID NO: 165; SEQ ID NO: 166; SEQ ID NO: 167; SEQ ID 
NO: 168; SEQ ID NO: 169; SEQ ID NO: 190; SEQ ID NO: 191; SEQ ID 
NO: 192 and SEQ ID NO: 193. 



21. (currently amended) An isolated peptide comprising a sequence of at least fem 

six amino acids defined by formula P2P,~P,'P2', wherein: 

Pj comprises an amino acid selected from the group consisting of N, S, L, K. 
G. T. A. 0, E and D; 

P, comprises an amino acid selected from the group consisting of Y, L, M, F. H 

and Nle; 

P,' comprises an amino acid selected from the group consisting of E, A, M, 0, 
S. G and D; 

P,' comprises an amino acid selected from the group consisting of A, N. T. L, 

F and V; and 

wherein a human Aspartyl protease encoded by the nucleic acid sequence of 
SEQ ID NO: 1 or SEQ ID NO: 3 (Hu-Asp2) cleaves said peptide between P, and P/; 
and 

with the proviso that if P^ ^ a' compris e th e s e qu e nc e DA, P^ P ^ do not compris e 
th e s e quenc e s NL or NNl e . 

wherein said peptide is cleaved between P , and P , ' by a human aspartyl 
protease encoded by the nucleic acid sequence of SEO ID N0:1 or SEQ ID NO: 3 and 
said peptide does not comprise the corresponding PjP i-Pi 'P;' portion of amino acid 
sequences depicted in SEQ ID NO: 19: SEQ ID NO:20: SEO ID N0:21: SEO ID 
NO:26: SEQ ID NO:27: SEQ ID NO:28; SEQ ID N0:31: SEO ID NO:32: SEQ ID 
NO:33; SEQ ID NO:34: SEQ ID NO:35; SEQ ID NO:36: SEO ID NO:37: SEO ID 
NO:38: SEQ ID NQ:39: or SEO ID NO:40. 



27. 



(original) A polypeptide comprising a peptide sequence according to claim 21, 

and further comprising a transmembrane domain to localize the polypeptide to a 
cellular membrane when the polypeptide is expressed in a eukaryotic cell. 



(original) A polypeptide comprising a peptide according to claim 1 and further 
comprising a transmembrane domain amino acid sequence. 

(original) The polypeptide according to claim 28, wherein said transmembrane 
domain anchors said polypeptide to an mtracellular membrane selected from the 
group consisting of the Golgi or the endoplasmic reticulum. 



EXHIBIT E 

Pending Claims 
11/753,331 

21. An isolated peptide comprising an amino acid sequence of at least six amino 
acids defined by formula P,P,— P/P,', wherein: 

P2 comprises an amino acid selected from the group consisting of N, S, and D; 
P, comprises an amino acid selected from the group consisting of Y, L, and 
Nle; 

P,' comprises an amino acid selected from the group consisting of E, A, and D; 

P2' comprises an amino acid selected from the group consisting of A and V; and 

wherein a human Aspartyl protease encoded by the nucleic acid sequence of 
SEQ ID NO: 1 or SEQ ID NO: 3 (Hu-Asp2) cleaves said peptide between P, and P,'; 

wherein said peptide is cleaved between P, and Pi' by a human aspartyl protease 
encoded by the nucleic acid sequence of SEQ ID NO: 1 or SEQ ID NO: 3 and said 
peptide does not comprise the corresponding P2P,-Pi'P2' portion of amino acid sequence 
depicted in SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 26, SEQ 
ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 31, SEQ ID NOl 32, SEQ ID NO: 33, SEQ 
ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO: 38, SEQ 
ID NO: 39 or SEQ ID NO: 40. 

23. An isolated peptide according to claim 21, wherein the Hu-Asp2 cleaves the 
peptide at a rate greater than the Hu-Asp2 cleaves a corresponding peptide 
having the PjPr-Pi'Pa' amino acid sequence KMDA. 

27. A polypeptide comprising a peptide sequence according to claim 21, and farther 
comprising a transmembrane domain to localize the polypeptide to a cellular 
membrane when the polypeptide is expressed in a eukaryotic cell. 

73. An isolated peptide comprising a sequence of at least 10 amino acids having the 
sequence SEISY-EVEFR (SEQ ID NO: 152). 
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The first procedures employed for evaluation of renin 
activity were the biological assays, based on the rapid in 
vivo conversion of angiotensin I to the very active vaso- 
in 11 (5). Later, the radioimmunoassay 
3) became more widely used for the 
te renin concentrations in biological 
sampleg. Nonradioactive assays based on the activity of 
renin upon the synthetic angiotensinogen (1-U) and 
quantitation of the released C-terminal tetrapeptide 
(I.eu-Val-Tyr-Ser) by Lowry reagent (7), fluoresc- 
■ - Qe derivative (9) were also de- 




le-Hia-EDDn 



The optimal pH« of hydrolysis of veloped. 



re in the range 4 to 6. 



/s in which ^Z-Pro-Phe-His-Leu- 
Leu-Val-Tyr-Ser-(J-naphthylamide (10), Arg-Pro- 



Renin (EC 3.4.23.15) is a special aspartyl protease 

from both the physiological and enzymatic points of Biochemical NomencUture (flioc>wmistry 5, 34S5, 

view, because it i.s involved in the initial step of the renal j^^^'' x''^^t^'^'^^^*\^\ '"^ 

very specific cleavage of angiotensino^n at pH near tthyl'^'^M^^M^H^'^^hlnokO^ 

neutrality. The N-tem>inal tetradecapeptide sequence acetonitriie; DIPEA, diisopropyiethyiamine; BOP, 

of equine angtotensinogen (Asp'-Arg'-Val'-Tyr'-Ile*- ytm(dinietiiyiammo)phMphomum heiafluoropho 
Hi8'-Pro'-Phe'-His*-Leu'°-Leu»-Val"-Tyr"-Ser") 
is substrate for several mammalian renins (1-3). How- 



Phe-His-Leu-Leu -Val-Tyr 



e (U 



The C-t€ 
;8-naphthylaniide and Leu-V 
sequentially digested by an 
the fluorescent /J-naphtbylan 
tive. Renin assays based on 



0. This e 
y with bi 



of cathepsin D was separated from 
were homogeneous on SDS electro- 
al gel filtration, with renin present- 
it of 39,000 and the acidic protease 



1(1-1 



n I fti 



Conti 



ramolccularly quenched fluorogenic sub- 
strates, were developed by Yaron et oL (14) and have 
been widely used in assays of collagenase and gelatinase 
(15), aminoiteptidase (16), HIV protease (17-19), sev- 
eral neutral proteases (20), endooligopeptidases (21.22), 
pepsin (23,24), and kalUlireins (25). 

The fluorescence increase during the hydrolysis of an 
intramolecularly quenched fluorogenic substi 



e hemoglobin, at pH .3.0 and 

zymes were obtained in small amounts and used only to 
characterize the cleavage site of the synthetic duoro- 
genic substrates by HPLC. The scaling up of the prepa- 
rations of these enzymes are in progress and details of 
the purification procedures and enzyme characteriza- 
tion will be presented elsewhere. 



m the dc 



id the a 



0.25-m 



ceptor groups. We had previous!, ^ __. 

indications that the equine angiotensinogen (6-8) si 
quence (His-Pro-Phe-His) is involved in a fl-tur 
structure in aqueous solution (26), which was later cor 
firmed by X-ray analysis (27). These observation 

s, peptides related to segment 4-13 of huma: 



gel (Kieselgel, Merclt) plates 
ff/B), fl/C), and R^D) values refer, resp 
the solvent systems n-BuOH .AcOH-H.O 
BuOH-pyridine-AcOH-HjO (30:20:6:24). Ac 
(4:1). and CHCl,-MeOH (98:2). Am.no aci 
tions of acid hydrolysates (6 N HCI. 1 10°C. 
determined using a Beckman high-perfornii 
(Model 6300). The melting i 



asured w 



as the fluorescent group and ethylenediamine-(2,4)- 
dinitiophenyl (EDDnp) as the quencher group at the 
amino- and carboxyl-terminal positions, respectively. 
The specificity of the obtained substrates was 
by studying their hydrolysis hy hu::'an ren i 
tions with different degrees of purit v, by pun 
and also by an acidic protease isolated dun 
renin puriAcation, which presents properties 



a Reicl: 
ected. The : 



n, 22.5 X 



e HPLC as foil 



MATERIALS AND METHODS 



IB) TFA/(ACN + HjO) (1:900:100); flow-5 ml/min; 
gradient— 30-50% B in 30 min. R, is the retention time 
in analytical HPLC as follows: Ultrasphere column— 
C,„ 5 m, 4.6 X 150 mm; solvenU— (A) TFA/H.O 
(1:1000), (B) TPA/(ACN + H,0) (1 " 

ml/min; gradient— 10-80% Bin 15 1 

min at 80% B. Detection for all HPLC analyses was uv 
= 220 nm; fluoreac 
420 nm. 



lin was kindly supplied by Dr. E. Haas „ , 

Hospital. Cleveland, OH) and used to de- •Syn'/iesu of Abi-Phe~Hh-Leu- Val-Ile^His-EDDnp 
parameters. A ' ' ' 

Z-tle-His-EDDnp (a). This compound was ob- 
tained by conversion of Z-Ile-His-NHNH, (29) to the 
corresponding azide, following the general method pre- 
viously described (30). and coupling with EDDnp ■ HCI 
(31). Z-Ile-Hia-NHNHj (14 mmol), HCI (50 mmol from 
a 4 N solution in dioxane), and isoamyl nitrite (16 mmol) 
were dissolved in DMF at ~20°C. The disappearance of 
hydrazide (IS min) was checked by TLC with system D, 
* • ■ " 0.3 M FeCl,-0.2 M KaFefCN), (1:1) in 



(Mou 



with a specific activity of 880 GU/mg protein was also 
obtained from human kidney cortex as follows: A crude 
extract obtained from defatted kidney powder, treated 
with 10 mM NaHiPO./NajHPO, (pH 6.5) containing 0.8 
mM PMSF, 1 mM EDTA, 0.4 am tetrathionate, and 
30% (v/v) 2-methoxyethanol, was applied successively 
to pepstatin-A-aminohezyl-Sepharose, reactive blue- 
agarose, and CM-Sephaiose columns. In this last chro- 
matography, an acidic protease with characteristics 



FLUOROGENIC PEPTIDE SUBSTRATES FOR RENIN 



AcOH. The solution was further cooled to - 60°C, its pH 
was adjusted to 7.5 with EtjN, and it was added to a 
solution of EDDnp (16 mmol) in DMF precooled to 
-10°C. This reaction miiture was stirred at 0°C for 5 h 
and at i°C for additional 48 h. During the course of the 
reaction, the pH was carefully maintained between 7.0 
and 7.5 by adding Et,N. After the pH was brought to 5.0 
with AcOH, the solvent waa removed by evaporation 
and B% NaHCOj was added to the residue, resulting in a 
precipitate, which was collected by filtration and 
washed with 5% NaHCO, , water, 2% AcOH, and water. 
The resulting material was dissolved in MeOH and re- 
precipitated with water. Yield: 89%; mp 159-163''C; 
R^A) 0.69, /e^B) 0.8S, R^C) 0.72, fl/D) 0.74. 

Z-Val-Ile-Hh-EDDnp (b). This compound was 
obtained by the mixed anhydride procedure aa follows. 
JV-MethylmorphoUne (13.3 mmol) and iaobutyl chloro- 
fonnate (12.2 mmol) were added to a precooled (-15°C) 
solution of Z-Val-OH (13.3 mmol) in 100 ml of DMF. 
After 5 min a solution of Ile-His-EDDnp • HBr (pre- 
pared from 11.2 mmol of compound la and IS ml of 2.6 N 
HBr/AcOH) in DMF, precooled at -IS-C, was added, 
and the pH adjusted to 7.5 with EtjN. The reaction mix- 
Then 2.5 M KHCO3 (4 mmol) was added and stirred for 

dride. The solvent was removed by evaporation, and 5% 
NaHCO, was added to the residue to form a precipitate, 
which was collected by filtration and processed as de- 
scribed for compound la. Yield: 79%; mp 193-197°C; 
R^A) 0.61. fi/B) 0.88. B/C) 0.77, fl/D) 0.44. 
Z-Leu-VtU-Ik-His-EDDiyj (e). This compound 
as obtained from Z-Leu-OH (9.6 mmol) and Val-Ile- 



n 7.4 



nol of c< 



pound lb and 15 ml of 2.6 N HBr/AcOH) by 1 
anhydride procedure as described for compound lb. 
rield: 91%; mp 212-217''C; R/iA) 0.60, R^B) 0.73. R^C) 
0.78, «/£)) 0.60. 

Z-Phe-His-NHNH,(d). Z-Phe-Hi»-OMa was ob- 
tained by coupling Z-Phe-OH (60 mmol) to His- 
OMe-2HCl (60 mmol) by the mixed anhydride proce- 
dure as described fbr compound lb. After concentration 
of the reaction mixture, the residue was dissolved in 
AcOEt-water and the organic phase was washed with 
5% NaHCO,. water-NaCl, dried over NajSO., and crys- 
talUzedfrom MeOH-etber. Yield; 84%; mp 124-128°C; 
fl^A) 0.62, R/.B) 0.62, fl^O) 0.57. Hydrazine hydrate 
(4.8 ml) was added to a solution of Z-Phe-HU-OMe (20 
mmol) in MeOH (40 ml). After 24 h at room tempera- 
ture the crystallized hydrazide was filtered, washed with 
cold MeOH-«ther, and dried in vacuum over concen- 
trated H^O,. Yield: 70%; mp 178-180°C; R^) 0.45, 
R^B) 0.61, R^D) 0.10. Amino acid analysis: HU, 0.98; 
Phe, 1.02 (average recovery 84%). 



Z-Phe-His-Leu-Val-Ile-Hm-EDDnp (e). This 
compound was obtained by coupling Z-Phe-His-Na 
(prepared from 6.4 mmol of compound Id) to Leu-Val- 
Ile-His-EDDnp • HBr (prepared from 6.5 mmol of com- 
pound Ic and 15 ml of 2.6 N HBr/AcOH), using the same 
procedure described for compound la. The final prod- 
uct was repiecipitated from DMP-water. Yield: 68%; 
mp 243-246°C; RJ^A) 0.36, R^B) 0.70. «/C) 0.64, 
Ri^D) 0.31. 

Abz-Phe-His-Leu-Val-ne-Hu-EDDnp (f). This 
compound was obtained by coupling Phe-Hi»-Leu- 
Val-Ile-His-EDDnp (prepared from 0.28 mmol of com- 
pound le and 4.5 ml of 2.6 N HBr/AcOH) with benzo- 
triazol-l-yl-o-aminobenzoate (Abz-OBt) (32) in DMF (2 
ml), with the pH adjusted to 7.5 with TEA. After 24 h at 
room temperature, under stirring, the solvent was evap- 
orated and the compound precipitated by addition of 5% 
NaHCOj, which was filtered, washed with 5% NaHCO,, 
water, and AcOEt, and reprecipitated from DMF- 
AcOEt Yield: 68%; mp 253-256"'C; R/A) 0.57, R^B) 
0.78, fi^C) 0.71. Thirty milligrams of this material was 
purified by semipreparative HPLC with recovery of 16 
mg. JJ, - 16.2 min. Amino acid analysis: His, 2.05; Val, 
0.96; He, 0.96; Leu, 1.02; Phe, 1.03 (average recovery 
67.5%). R/A) 0.56, R^) 0.76, R^C) 0.70. 

Synthesis of Abz-Ha-Pro-Phe-Hu-Leu- Val-Ik- 
His-EDDnp (U) 

Z-His-Pro-Phe-His-Uu-Val-Ue-His-EDDnp, pre- 
pared from compound le and Z-His-Pro-OH (33) with 
BOP-reagent. was cteprotected by 2.6 N HBr/AcOH and 
treated with Abz-OBt as described for compound If. 

Yield: 73%. Thirty milligrams of obtained p^de was 
purified bv HPLC, with a recovery of 14 mg (40%). R, = 
14.7 min. Amino acid analysis: Pro, 0.99; Val. 0.92; He. 
1.05; Leu, 1.08; Phe, 1.02; His, 2.85 (average recovery 
88%). «/A) 0.13, fi/B) 0.56, fi^C) 0.63. 



this material was purified by HPLC with a recovery of 
13 mg. /f, = 14.3 min. Amino acid analysis: Gly, 0.96; 
Val, 0.91; He, 0.92; Leu, 1.02; Phe, 0.95; His, 3.10 (aver- 
age recovery 78%). R/A) O.ll, R^B) 0.49, fi^C) 0.61. 

Synthesis of Abz-Arg-Pro-Phe-His-Leu- Val-Ik- 
His-EDDnp (IV) 

Abz-Arg(T08)-Pro-Phe-Hia-Leu-Val-Ile-His- 
EDDnp, obtained as described for compound II was 
treated with anhydrous HF and anisole at 0°C for 1 h. 
After evaporation of HF, the resulring oil was dissolved 



in 20% AcOH, washed with ether, and lyophilized. Forty 
milligrams of this material was purified by HPLC. with 
i recovery of 26 mg. «,= 14.7 min. Amino acid analysis: 
^rg, 1.05; Pro, 0.97; Val, 0.99; He, 0.92; Leu, 1.06; Phe, 
l.Ol (average recovery 74%). R^A) 0.32, fl/B) 0.55, 



His-EDDnp (V) 



e-Gly-Phe-His-Leu- Val-l 



Syntheses of Abz-Phe-His-Leu and Abz-X-Phe- 
m-Leu (VII) (X = m-Pro. His-Gly, Arg-Pro. 
Arg-Gly, Tyr-Ile-His-Pm) 

All these peptides were obtained by the same strate- 
gies employed in the syntheses described above starting 
from Z- Phe-His-Leu-OtBut, which was prepared by re- 
action of Z-Phe-His-N, (12.8 mmol) and Leu-OtBut 
pound le. The analytical 



le final pr 



acted. 



The Arg(To3)-protected peptide was prepared and 
treated with anhydrous HF as described for compound 
IV. Fifty milligrams of this lyophilized material was pu- 
rified by HPLC, with a recovery of 25 mg. R, = 14.6 min. 
Amino acid analysis: Gly, 1.01; VaJ, 0.94; lie, 0.96; Leu, 
0.96; Phe, 1.03; His, 2.08 (average recovery 76%). R^A) 
0.25, R^B) 0.68, R^C) 0.65. 



Synthesis of Abz-Tyr-lle-Hu~Pro-Phe-His-Leu- 
Va-Ile-His-EDDnp (VI) 

Z'Abz-Tyr-He-His-Pro-NHNH-Boc (a). This 
compound was synthesized by reacting Tyr-Ile-His- 
Pro-NHNH-Boc (obtained from 1.9 mmol of Z-Tyr- 
IIe-Hi»-Pro-NHNH-Boc (34) by treatment with Hj/ 
PdJ with Z-Abz-ONSu (35) (1.9 mmol) in DMF (8 ml). 
After 24 h at room temperature and pH adjustment to 
7.5 with TEA, the compound was precipitated by the 
addition of water, isolated by filtration, and washed 
with 5% NaHCO,, 2% AcOH, and water. Yield 93%; mp 
Ua-lSl'C; R^A) 0.63, R/iB) 0.94, /f/C) 0.83, R/ID) 0.53. 

Z-Abx-Tyr-Ile-His-Pro-Phe-His-Leu-Val-lte- 
His-BDDr^ (b). This compound was obtained by 
converting St-Abz-Tyr-Ile-Hia-Pro-NHNHj (obtained 
from 0.44 mmol of compound Via by treatment with 4 
mi of 3 N HCl/dioxane) to the corresponding azide and 
coupUng to Phe-His-Leu-Val-lle-His-EDDnp HBr 
(0.22 mmol) as described for compound la. The product 
was isolated by precipitation from EtOH-water and 
washed in the filter with the same solvent and 2% 
AcOH. Yield: 93%; mp I89-193°C; R,IA) 0.35, RAB) 
0.69, fl/C) 0.78. 

Abz-Tyr-lk-His-Pro-Phe-His-Leu-Val-Ik~His- 
EDDnp (c). This compound was obtained by treat- 
ment of compound Vlb (0.2 mmol) with 4.5 ml of 2.6 N 
HBr/AcOH for 1 h at room temperature. The peptide 
was precipitated from ether and dried over solid KOH. 
Twenty milligrams of this material was purified by 
HPLC, with recovery of 6.5 mg. Amino acid analysis: 
Pro. 1.10; Val. 1.20; He, 1.88; Lea. 0.88; Tyr, 0.80; His. 
2.95 (average recovery 68%). fi/A) 0.25, R^B) 0.71, 
R^C) 0.72. 



The substrate solutions in 100 mM phosphate buffer 
(pH 5.5), containing 10% DMSO. were incubated with 
enzyme preparations at 37°C. Samples (20 nD of the 
enzymatic digests were removed for analysis until 100% 
of substrate hydrolysis was reached. Samples of the 
substrates and enzyme controls were also analyzed. The 
products of hydrolysis were identified by simultaneous 
injection of the enzymatic digest! 



This general procedure was applied to all obtained 

shows the HPLC profiles of compounds I and vfincu- 
bated with Haas renin. The digestion products of com- 
pound t by the crude extract of kidney powder, de- 
scribed above, were also analyzed by HPLC. The 
isolated acid protease was assayed with all substrates in 
100 mM formiate (pH 3.0) and 100 mM phosphate (pH 
5.5) buffers and no hydrolysis was detected. Pig renin, 
at 0.1 GU/ml, was assayed under the same conditions 
employed with human renin and no hychrolysis was de- 
tected. Five micrograms per milliliter of porcine pepsin 
(Sigma. St. Louis, Lot 15B-1370) hydrolyzed completely 
all substrates at the Leu- Val bond, after 2 h of incuba- 
tion in 100 mM sodium acetate buffer (pH 4.0), at 37°C. 

The hydrolysis of each substrate by renin wa» moni- 
tored by measuring the fluorescence at X„ = 420 nm 
and \„ = 320 nm in a Perkin-Elmerspectrofluorometer 
(Model LC-5). These are the optimal Buorimetric con- 
ditions obtained from the excitation and emission spec- 
tra of all substrates studied. The standard conditions 
for hydrolysis at 37°C were 100 mM sodium acetate 
buffer (pH 5.5) containing 0.1% gelatine and 10% 
DMSO. The 1-cm path length cuvette containing 950 /il 
of the mixture of buffer and substrate solution (previ- 
ously dissolved in DMSO) was left in the thermostated 
cell compartment until temperature equilibrium of the 
solution was attained (5-10 min). During this time no 
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er Total Hydrolysis of Quencl 



The amount of Ate-Pho-His-Leu nleaaed from a 0.8 
MM solution of Abz-Phe-Hi»-Leu-VaI-ne-Hiii-fiDDnp 
by different renin concentrations, at 37°C for 2 h, was 
quantified by fluorimetric procedures. 



pHvi 



Leu-Val is tlie only acissile bond in the pH range 3 to 
7 present in all the intiamolecularly quenched fiuoro- 
genic peptides synthesized in this work (Table 1), as 
demonstrated by HPLC of the products of their hydro- 
lyses by purified human renin, by a Haas preparation of 
human renin (Fig. 1), and by a crude extract of human 
kidney powder. The substrates obtained were not hy- 
drolyzed by pig renin nor by the acidic protease isolated 



significant change in fluorescence was detected. The 
enzyme was then added and the increase in fluorescence 
with time was continuously recorded for 5-20 min, de- 
pending on the rate of substrate hydrolysis. The slope 
was converted into moles of substrate hydrolyzed per 
minute, using a cahbration curve for each substrate ob- 
tained from the corresponding synthetic fluorescent 
fragment released during the hydrolysis. The enzyme 
concentrations used allowed initial rate determinations 
of less than 5% of tiie total substrate. Although the 
water solubility of all studied substrates was not high 
and demanded addition of DMSO, the substrate con- 
centrations could reach at least twice the K„ values. 
Preliminary experiments did not show significant per- 
turbation of renin activity in the presence of DMSO (2 
to 10%). The kinetic parametera were calculated ac- 



Optinul pH Determination 

The buffers used were as follows: 100 mM formiate 
(pH < 4.0), 100 mm acetate (4.0 < pH < 5.5), and 100 
raM phosphate (pH > 5.5). The fluorescent fragments of 
each substrate were quantified at different time inter- 
vals at each pH by the fluorimetric method described 
above, but also by HPLC in order to verify whether pep- 
' " er than Leu-Val were cleaved at different 




Isopropyl(2iS,3/!)-3-([iV-[(2ii)-3-(morpholinocar- 
bonyl)-2-(l-naphthyUnethyl)propyl)-L-hiBtidyI)-amino]- 
4-cyclohexyl-2-hydroxybutyrate, a kind gift of Dr. Y. 
Kiao from Kyoto Pharmaceutical University, was as- 
sayed as an inhibitor of hydrolysis of compound U by 
human renin in 100 mM phosphate buffer (pH 6.0), 
at 37°C. 




itonated; therefore, our IC„ v. 



*" . I ment with Maibaum and Rich (41), who related t 

I "°°r I selectivity of potent renin inhibitors (in compai 

1"^' |i those of pepsin and cathepsin D) to the extent 

I \ IS the case with the renin inhibitor that we assa; 

\ The hydrolysis of all the studied intramole 

I o»*o— J i — j — J ,;,+ quenched fluorogenic substrates by human rer 

5 lo^ed Michaelis-Menten kinetics, and the para 

\ 1 '^^ 1^ j^, for these reactions are shown in Table 2. 

The K„ values obtained for all quenched fluoi 

;iM substrates do not differ significantly, thereforf 



atrate and products after total enzymatic hydrolysis for this work and the K„ value obtained was 34 mm (34). K„ 

each peptide are shown in Table 1. The emission of Buo- values of about 25 mm were also obtained for the hydro- 

rescence after total hydrolysis of the substrates in- lyses of the N -terminal trideca- and tetradecapeptides 

creased 7- to 33-fold. This significant increase in fluores- (3,42) of human angiotensinogen by human renin. A 

cence indicates an efficient quench effect of the comparison of the structures of these peptictes with 

2,4-dinitr<9henyl group over Abz fluorescence, possibly those of fluorogenic substrates presented in this work 

resulting from the proximity of the C- and N-extremi- indicates that the increase in affinity could be related to 

ties of the peptides. This is in agreement with our initial the presence of both Abz and EDDnp groups. As the 

expectation thata/?-tumfoldedconformationshouldbe sequence of the six C-terminal residues of all fluoro- 

present in most of the substrates. genie peptides (Table 1) are the same, it seems reason- 

A typical profile of rate versus substrate concentre- able to attribute to Phe-His-Leu-Val-Ile-His-EDDnp 

tion for the hydrolysis of Afaz-His-Pro-Phe-His-Leu- a major role in the binding process of these substrates. 

Val -IIe-His-EDDnp is shown in Fig. 2. The increase in On the other hand, the other residues at the N-terminal 

rate estimations of the initial reaction rates at concen- the catalytic process, since among compounds I, II, and 
traiions lower than nanomolar. The pH dependence of VI, in the natural sequence, there is a progressive in- 
the hydrolysis of compound I is a symmetrical bell- ' " 

shaped curve centered around pH 5.5, but for com- 
pounds II to VI the curves were flat, with maximum 
enzymatic activities in the pH range 4 to 6. 

The hydrolysis of compound II wa» inhibited by iso- 
propyl(2i2,3ii)-3-|(iV-[(2A)-3-(morpholinocarbonyl)-2- 
(l-naphthylmethyl)propyli-L-hi8tidyl|-ainino]-4-cyclo- 
hexyl-2-bydioxybutyrate, a highly specific and potent 
human renin inhibitor described by lizuka et aL (38). 
The IC„ value, obtained at pH 6, was 7.8 X 10" M, 
which is one order of magnitude higher than the IC^ 
previously described at pH 7.4, using the natural human 
angiotensinogen as substrate (38). This difference could 
be related to the diflferent pHs at which the IC^g values 
were obtained since, for an efficient binding, the imidaz- 
ole group of the iniUbitor must be deprotonated (39). If 
the pK, value of this imidazole group is taken to be 
around 7 (40), at pH 6 ca. 10% of the imidazole should be 
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We have set up stably transfected HEK293 cells over- 
expressing the p-secretases BACEl and BACE2 either 
alone or in combination with wild-type /B-amyloid pre- 
cursor protein (/JAPP). The characterization of the 
j3APP-derived catabolites indicates that cells express- 
ing BACEs produce less genuine A/Jl-40/42 but higher 
amounts of secreted sAPPp and N-terminal-truncated 
Afi species. This was accompanied by a concomitant 
modulation of the C-terminal counterpart products 
C89 and C79 for BACEl and BACE2, respectively. 
These cells were used to set up a novel RACE assay 
based on two quenched fluorimetric substrates mim- 
icking the wild-type (JMV2235) and Swedish-mutated 
(JMV2236) /3APP sequences targeted by BACE activi- 
ties. We show that BACEs activities are enhanced by 
the Swedish mutation and maximal at pH 4.5. The spec- 
ificity of this double assay for genuine /j-secretase ac- 
tivity was demonstrated by means of cathepsin D, a 
"false positive" BACE candidate. Thus, cathepsin D 
was unable to cleave preferentially the JMV2236- 
mutated substrate. The selectivity of the assay was 
also emphasized by the lack of JMV cleavage triggered 
by other "secretases" candidates such as ADAMIO (A 
disintegrin and metalloprotease 10), tumor necrosis 
a-converting enzyme, and presenilins 1 and 2. Finally, 
the assay was used to screen for putative in vitro BACE 
inhibitors. We identified a series of statine-derived se- 
quences that dose-dependently inhibited BACEl and 
BACE2 activities with ICgg in the micromolar range, 
some of which displaying selectivity for either BACEl 
or BACE2. 



Alzheimer's disease is characterized by the cortical and sub- 
cortical accumulation of proteinaceous deposits called senile 
plaques (1). The main constituent of these aggregates is re- 
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ferred to as amyloid peptide (Xji)} Afi is generated from the 
/3 amyloid precursor protein (0APP) by the subsequent attacks 
by li- and y-secretases, which liberate the N- and C-terminal 
moieties, respectively (2). It is now clear that imder this generic 
terminology, "A^" gathers a series of distinct "A0-reIated spe- 
cies," some of them tnmcated at their /3-secretase-derived N 
terminus (3). Although the nature of the y-secretase is still 
discussed (4, 5), the identity of the /3-secretase candidate is 
more consensual. 

BACEl (j3-site APP-cleavingenzjrme) is an aspartyl protease 
recently identified by several groups (6-9), which displays all 
the properties expected from a genuine /3-secretase candidate 
(for review, see Refs. 10 and 11). Thus, BACEl is an acidic 
protease mainly localized in the Golgi apparatu.s and in endo- 
somal compartments and exhibits a lumenal active .site fitting 
well with the lumenal cleavage of j3APP occurring in these 
acidic compartments where A/3 had been detected. The overex- 
pression of BACEl leads to increased recovery of AjS-related 
fragments, mainly 1-40 and 11-40 that are also observed 
when recombinant BACE is incubated with ^APP (7, 9). The 
opposite phenotype is observed when BACE is down-regulated 
by an antisense approach (7, 9). BACE2 is a parent protease 
( 12) that seems to contribute poorly to neuronal Afi production. 
However, BACE2 could be important in Down syndrome pa- 
thology because the enzyme is encoded by chromosome 21 (13, 
14) and elevated BACE2 expression is observed in trisomic 
brains (15). 

BACEl not only behaves as a jS-secretase, in vitro, but likely 
corresponds to the main contributor of the |8-secretase path- 
way, in vivo. Thus, it was evidenced that the invalidation of the 
BACE gene led to abolishment of A/3 production in knockout 
mice ( 16) and neurons ( 17). That this deletion appeared totally 
innocuous (18) makes BACE likely the most interesting target 
of an A^-directed AD therapy. Here we fully characterize the 
/3APP-derived catabolites generated by BACEl and BACE2- 



' The abbreviations used are: A^, amyloid p peptide; /3APP, ^-amyloid 
precursor protein; Abz, p-aminobenzoic acid; tBu, tertio-huty]; EDDnp, 
jV-(2,4-dinitrophenyl)ethylenediamine; Fmoc, iV-(9-fluorenyI)methoxycar- 
bonyl; HBTU, 0-(lff-benzotriazol-l-yl)-iV/^,Ar',iV'-tetramethyluronium 
hexafluoroplMsphate; HPLC, high pressure liquid chromatography; Boo, 
teri-butyloxycarbonyl; Sta, statine; Norsta, norstatine; AHPPA, (3S,4S)-4- 
amino-3-hydroxy-5-phenyl-pentanoic acid; ACHPA, (3S,4S)-4-amino-5-cy- 
clohexyl-3-hydroxy-pentanoic acid; Qui, quinolein-2-carboxylic add; TACE, 
tumor necrosis a-converting enzyme; CS, c-ommercial substrate; Tncme, 
iV-[2-hydro)iy-l.l-bis(hydroxymethyl)ethyllglydne; TES, 2-([2-hydroxy-l,l- 
bis(hydro!gnmethyl)6thyl]aminolethanesulfonic acid; MES, 4-motpholine- 
ethanesulfonic acid; Bz, benzoyl. 



This paper is available on line at http://www.ibc.org 
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>r BACE2 alone (Bl and B2, respectively) or in combination with wild-type 



^APP (WTBI and WTB2) have been obtained as described under "Experimental Procedures" and monitored by means of anti-lD4 antibodies (panel 
A). sAPP/31('2 derived from BACEl (panel E) and BACE2 (panel F) are identical and are monitored by means of WT192 (panel B) as described under 
"Experimental Procedures." sAPPa and 8APPp'2 generated by a-secretase (panel G) and BACE2 (panel F), respectively, were monitored by means 
of 10D5C (panel O as described under "Experimental Procedures." Intracellular C-terminal counterparts derived from the above cleavages were 
monitored in the indicated cell lysates with BR188 (panel D) as described under "Experimental Procedures." 



expressing cells. Furthermore, we describe a novel fluorimetric 
assay and new in vitro inhibitors of potentieil interest to further 
characterize BACEl and BACE2 properties. 

EXPERIMENTAL PROCEDURES 

Chemical Reagents— ¥m<x-SMnino acids, HBTU, and the resin were 
purchased from Senn Chemicals (Gentilly, France). The reagents and 
solvents for solid-phase peptide synthesis were obtained from Acros 
(Noisy-le-Grand, France) or from SDS (Peypin, France). All other chem- 
icals were of the purest grade available. 

Synthesis of Peptides and Inhibitors — The intramolecularly 
quenched fluorogenic peptidic substrates Abz-Val-Lys-Met-Asp-Ala- 
Glu-EDDnp (JMV2235) and Abz-Val-Asn-Leu-Asp-Ala-Glu-EDDnp 
(JMV2236) contain the ortAo-aminobenzoyl (Abz)/dinitrophenyl groups 
as the donor/acceptor pair (19). They were synthesized essentially by 
solid phase methods (20), starting from the C-terminal residue GIu- 
EDDnp. The latter was first assembled in solution by coupling Fmoc- 
Glu(7-tBu)-OH to EDDnp using HBTU as the coupling agent, in the 
presence of diisopropylethylamine. The resulting Fmoc-GIu(y-tBu)- 
EDDnp was treated by trifluoroacetic acid to free the y earboxylate 
group that was subsequently attached to the linker of a Wang resin by 
the symmetric anhydride method. After manual assembling of the 
substrates using the solid phase Fmoc strategy and HBTU as the 
coupling agent, cleavage of the peptides from the resin and simultane- 
ous deprotection of side chains were carried out by treatment with a 
solution containing trifluoroacetic acid, thioanisole, water, phenol (8..5/ 
0.5/0.5/0.5) for 2 h at room temperature. The final deprotected peptides 
were purified by reverse-phase chromatography on a 018 column 
(Deltapack Waters, 40 x 100 mm) by means of a linear gradient of 
20-35% acetonitrile in 0.1% aqueous trifluoroacetic acid over 30 mm 
(flow rate 50 ml/min), and their purity and identity were assessed by 
reverse-phase HPLC and electrospray mass spectrometry (Abz- 
VKMDAE-EDDnp: experimental mass 1018.7 ± 0.2, calculated mass 



IS 986.6 ± 0 



1018.4; Abz-VNLDAE-ED0np: experimental n 
lated mass 986.4). 

All peptidic inhibitors were amidated at their C-terminal end and 
blocked at their N terminus, either by an acetyl or by a Hoc group 
(excepted the Qui-containing compounds), to protect them from exopep- 
tidasic attacks. The peptide backbone of the compounds was stepwise 
assembled by classical methods, using Boc as the a-amino protecting 
group and benzotriazol-l-yloxy tris(dimethylamino)phosphonium hexa- 
fluorophosphate as the coupling reagent, either in homogeneous phase 
or on solid phase with methylbenzhydrylamine resin, necessitating a 
final HF cleavage procedure. Published protocols were followed for the 
formation of the peptide bond isostere moieties, reduced amide bond 
(Le^l-'V(CHJ^^H)■^ap in JMV963) (21, 22), norstatine (iVorsfa-contain- 
ing compounds) (23, 24), and statine and analogs (Sta-, AHPPA-, 
AC//PA-containing compounds) (25, 26). All synthetic inhibitors were 
purified on C18 reverse-phase HPLC, and their purity and identity 
were assessed by reverse-phase HPLC and electrospray mass 
spectrometry. 

HEK293 Culture and Stable Transfection—HEK293 and stably 
transfected HEK293 cells overexpressing wt|3APP751 (WT) and sw- 
/3APP?51 (SW) (27) were stably transfected with DAC30 (according to 
the manufacturers instruction Eurogentec) containing 2 ^g of pcDNA3 
vector encoding either lD4-tagged BACEl (WTBI) or BACE2 (WTB2) 
and zeocin resistance. 1D4 is a 10-amino acid C-terminal tag derived 
from bovine rhodopsin (28). Medium was replaced 48 h after transfec- 
tion with selective medium containing neomycin and/or zeonin (1 g/li- 
ter). Transfectants were screened by 10% SDS-PAGE gels analysis and 
Western blotting (see below). Positive clones overexpress 75- and 50- 
kX)a immunoreactive proteins, respectively, corresponding to BACEl 
and BACE2 (28). Tumor necrosis a-converting enzyme (TACE), A dis- 
mtegrin and metalloprotease 10 (ADAMIO), and presenilin 1 and pre- 
senilin 2-expressmg cells were previously described (29-31). 

Western Blot Ana/yses— HEK293 cells were scraped and lysed in 



ji-Secretase in BACEl- and BACE2-expressing Human Cells 



25861 



RIPA IX buffer (10 mM Tris, pH 7.5, containing 150 mM NaCl, 5 mM 
EDTA, 0.1% deoxycholate, and 1% Nonidet P-40). Equal quantity of 
proteins were separated on a 10% SDS-PAGE gel for the detection of 
BACEl and BACE2 proteins and transferred to Hybond-C (Amersham 
Biosciences) membranes. After transfer, membranes were blocked with 
5% nonfat milk and incubated overnight with the primary antibody 
anti-lD4 (1:1000) (mouse monoclonal antibody donated by Scott 
Waniger at the National Cell Culture Center, National Cell Culture 
Center, Minneapolis, MN). Immunological complexes were revealed 
with an anti-mouse peroxidase (Amersham Biosciences) antibody 
followed by enhanced chemiluminescence (Amersham Biosciences). 
All protein concentrations were determined by the Bradford (32) 
procedure as described. 

Measurements of Total A/3-Stably transfected WT, WTBl, WTB2, 
and SW HEK293 cells (see above) were incubated for 7 h in the presence 
of phosphoramidon (1 fiu) (Sigma). Media were collected, diluted in 1/10 
RIPA lOx buffer (10 mM Tris, pH 7.5, containing 150 am NaCl, 5 niM 
EDTA, 0.1% SDS, and 1% Nonidet P-40), and incubated overnight vrith 
a 200-fold dilution of FCA18 (total A^) as described (33). After fiirther 
incubation for 3 h with protein A-Sepharose (Zymed Laboratories 
Inc.) and centrifugation, pelleted proteins were submitted to 16.5% 
TriaTricine gels and then Western blotted on Hybond C membranes 
(Amersham Biosciences) for 45 min. Nitrocellulose sheets were heated 
in boiling phosphate-buffered saline for 5 min and capped with 5% skim 
milk in phosphate-buffered saline containing 0.05% Tween 20 for 1 h. 
Membranes were then incubated overnight with W02 antibody 
(ABETA GmbH, Heidelberg, Germany) specific for the 5-8 N-terminal 
region of A^ (34)) and detected by enhanced chemiluminescence. 

Measurements of sAPPp. sAPPa. and C-terminal Products— WT, 
WTBl, and WTB2 cells were allowed to secrete for 7 h as above and 
then 15 (sAPPa/0'2) or 50 jil (sAPPpi/2) of secretate were loaded on 8% 
SDS-PAGE and Western blotted with 10D5C or WT192 (kind gift from 
Dr. D. Schenk, Elan Pharmaceuticals), respectively. Immunological 
complexes were revealed with the adequate IgG coupled to peroxidase. 
C-terminal products were analyzed from the same cell lysates and were 
separated on large Tris/Tricine 16.5% gels, Western blotted, and probed 
with BR188 as described (35). 

Fluorimetric Assay — Different cell types were Isrsed, in 10 mJM Tris, 
pH 7, and then various amotmts of total homogenate proteins were 
preincubated for 10 min with a commercial 3-secretase inhibitor 
{KTEEISEVN-(S<a)-VAEF-OH, Enzyme System Products, Livermore, 
CA) or with distinct JMV inhibitors ( 10 »iM) in 96-well plates. The 
JMV2235, JMV2236, or a p-secretase commercial substrate (Mca- 
SEVNLDAEFRK-(dinitrophenyli-RR-NH.„ R&D Systems) were then 
added (10 /xM) and incubated for various times at 37 °C. At the end of 
the incubation, fluorescence was recorded at 320 and 420 nm as exci- 
tation and emission wavelengths, respectively. When the effect of pH 
was monitored, lysed cells were pelleted, then resuspended in 25 mM 
Na^-acetate/MES/Tris/TES adjusted at pH values ranging from 2 to 10 
and then incubations were performed as above. Controls include mem- 
brane proteins or substrate alone and background fluorescence was 
subtracted to recorded BACE activities. This fluorescence was very low 
and did not change with the time of incubation at 37 °C. Cathepsin D 
activity (Sigma, 0.5 /xg) was assayed as above with JMV2235, JMV2336, 
or with the commercial substrate. 

RESULTS 

Characterization of Secreted and Intracellular fiAPP-derived 
Products Generated by BACEl and BACE2-expressing Human 
Cells — We have set up stably transfected HEK293 human cells 
overexpressing lD4-tagged BACEl and BACE2 with expected 
molecular weights (Fig. LA), either alone (called Bl and B2) or 
in combination with wild-type /3APP (referred to as WTBl and 
WTB2). We have used WT192 monoclonal antibodies that rec- 
ognize the two last amino acids of the secreted products derived 
from the canonical /3-secretase cleavages taking place at the N 
terminus of the Asp-1 residue of (see pi and /32 sites in Fig. 
1, E and F). sAPP/31 and sAPP|32 generated by BACEl and 
BACE2 were identical (Fig 1, E and F) and theoretically both 
were recognized by WT192. As expected, secreted WT192-im- 
munoreactive products were recovered in higher amounts in 
both BACEl- and BACE2-expressing cells than in WT cells 
(Fig. LB). Additional /3'1- and P'2-derived cleavages targeted by 
BACEl and BACE2, respectively, occur inside the A|3 sequence 
and theoretically liberate sAPP)3'l- and sAPPj3'2-secreted frag- 




Fig. 2. Characterization of genuine Afi secreted by BACEl- 
and BACE2-expre88ing cells. Mock-transfected HEK293 cells or cells 
expressing either Swedish-mutated ^APP (SW), wUd-type ^APP alone 
(WT), or in combination with BACEl or BACE2 (WTBl and WTB2, 
respectively) were allowed to secrete A^ for 7 h at 37 °C and then 
genuine A^ was immunoprecipitated with FCA18 (which recognizes 
only the Asp-1 residue liberated by ^1 and /j2 cleavages). A^ was then 
monitored after Tris/Tricine gel analysis and Western blot with W02 as 
described under "Experimental Procedures." 




JMV 2236 : Abz-Val-Asn -Leu-Asp-A la-Glu-EDDNP 



Fig. 3. Structure of the JMV2235 and JVMV2236 quenched 
fluorimetric substrates. 



ments (see Fig. 1, E and F). sAPP/3'2, as well as sAPPa, the 
physiological a-secretase-derived APP fragment, retain a 
10D5C epitope that was disrupted by /3'1 cleavage (see Fig. 1, 
E and F). As expected, 10D5C-positive fragments secreted by 
WT and WTB2 cells (corresponding to sAPPa/i3'2) were recov- 
ered in much higher amounts than with WTBl cells (Fig IC). 

The C-terminal counterparts of the above products were 
probed in cell lysates using BR188, a polyclonal antibody that 
interacts with the C terminus of all fragments (Fig. 1, E-G). As 
expected, pi- and |32-derived cleavages (Fig. 1, E and F) in- 
crease C99 in WTBl and WTB2 (Fig LD), in agreement with 
higher production of their N-terminal counterpart sAPP)31/2 
(Fig. LS). The nature of C99 was confirmed by means of FCA18 
(36), a polyclonal antibody that specifically interacts with the 
free Asp-1 residue of AjS and C99 (not shown). A fragment of 
lower molecular weight was specifically recovered with WTBl 
cells (Fig. LD). Although not definitively identified, this product 
likely corresponds to C89, the jS'l-derived specific product gen- 
erated by WTBl cells (Fig. 1, D and E). Finally, a low molecular 
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weight product present in BACE2 but not BACEl cells could 
derive from the ji"2 cleavage (Fig. IF). This product tentatively 
ascribed to C79 co-migrates with the C83 major product gen- 
erated by «-secretase in WT cells (Fig. 1, D and G). C89- and 
C79-like products were FCA18-negative (not shown), confirm- 
ing that the fragments lack the intact N terminus present in 
C99. 

Characterization of Genuine A/j in BACEl- and BACE2- 
expressing HEK293 Cells— The use of FCA18 was proved useful 
to monitor secreted genuine Afi. Thus, this antibody only rec- 
ognizes free Asp-1 residue of A^ or C99 (Fig. 2) because acety- 
lation or removal of this aspartyl residue abolishes recognition 
by FCA18 (36). Therefore, 1^18 does not label N-terminal 
truncated A/ij-related species. As expected, the overexpression 
of wild-type pAPP increases A/3 1-40/42 (compare mock and 
WT in Fig. 2). Interestingly, as previously described (27, 37-39) 
the introduction of the Swedish mutation triggers increased A^ 
secretion (compare WT and SW). Both WTBl and WTB2 cells 
secrete less Afi than WT cells (Fig. 2), indicating that the /3'1 
and 13' 2 cleavages are likely more efficient than the fil and /32 
breakdowns elicited by BACEl and BACE2 (see Fig. 2), respec- 
tively. It is noteworthy that while "complete" Aj3 is still detect- 
able in BACEl-expressing cells, it was not recovered in WTB2. 
The fact that sAPP|8 was augmented in BACE2 (Fig. LB) sug- 
gests that the f}2 cleavage before Asp-1 of Afi sequence indeed 
occurs. However, the relatively faint augmentation of the C- 
terminal counterpart C99 and the accumulation of C79 (Fig. 
ID) suggests that BACE2-eIicited (i'2 cleavage was particu- 
larly efficient and could take place using C99 as a substrate, 
thereby explaining the low recovery of "full-length AfJ" ob- 
served with these cells (Fig. 2). 

Design of a Novel BACK Fluorimetric Assay — Several studies 
have indicated that the Swedish mutation responsible for a 
familial form of Alzheimer's disease leads to increased produc- 
tion of A^ via an exacerbation of the /3-secretase-derived cleav- 
age (37-39). We have set up a new assay based on the cleavage 



of quenched fluorimetric substrates mimicking the wild-type 
(JMV2235) and Swedish-mutated (JMV2236) sequences (Fig. 
3) targeted by jS-secretase (s) with the assumption that a good 
assay should be reflected by a favored hydrolysis of mutated 
JMV2236. 

At acidic pH, Bl and B2 cell extracts (see Fig. 1) hydrolyze 
both JMV2235 and JMV2236 in a time- and dose-dependent 
manner (Fig. 4). It should be noted that kinetic analyses indi- 
cate that activities recovered with JMV2236 plateaued at the 
same fluorescence value (Fig. 4). This could be because of either 
depletion of available substrate or, alternatively, to an inhibi- 
tory effect by one of the products of the reaction. The latter 
hypothesis was ruled out by the fact that the rates of hydro- 
lyzes of JMV2236 by Bl and B2 cells were not affected by 100 
AIM Bz-VNL, Bz-VKL, Bz-VNL-NHg, and Bz-VKL-NHa. These 
N-terminal degradation products lack the N-terminal fluores- 
cent moiety and were either free or amidated at the C terminus 
(to prevent it from putative carboxypeptidase attack (not 
shown). In agreement with a substrate extinction, standard 
fluorescence observed with synthetic Abz-VNL (10 /u.m) corre- 
sponds to the value observed at plateau when 10 /jlu substrate 
is used, indicating that this fluorescence indeed corresponds to 
100% hydrolysis of the substrate (not shown). 

We used a jS-secretase commercial inhibitor to further vali- 
date our assay. Interestingly, mock-transfected cells exhibit 
famt JM\'2235- and JMV2236-hydrolyzing activities that re- 
mained insensitive to the inhibitor (Fig. 5, A andS), indicating 
that endogenous j3-secretase activity was low in HEK293 cells. 
The J.\IV223r)- .md .].MV2236-livdrolyzing activities of Bl cells 
returned to the mock-transfected cell value in the presence of 
the inhibitor (Fig. 5, A and B), indicating that most of the 
fluorescence recorded was indeed because of BACEl in Bl cells. 
This conclusion also stands for BACE2-expressing cells (Fig. 
5C) although the extent of inhibition was slightly lower (69 
versus 97% of inhibition for B2 and Bl cells, respectively, see 
Fig. 6B). Interestingly, in Bl cells, hydrolysis of JMV2236- 
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Fig. 5. Comparative analysis of JMV2235 and JMV2236 hydrol- 
ysis by BACEl and BACE2 activities: effect of a ^-secretase 
commercial inhibitor. Mock, BACEl- (HEKBl), or BACE2- (HEKB2) 
expressing cell proteins (30 ^^g) were incubated with 10 txM JMV2235 
(A) or JMV2236 (B) for 30 min at pH 4.5 in the absence (-) or in the 
presence ( + ) of a commercial ^J-secretase inhibitor (CI, 10 /iM), and then 
the activity was fluorimetrically recorded as described under "Experi- 
mental Procedures." Bars are the mean ± S.E. of eight determinations. 
Panel C compares the JMV2235- and JMV2236-hydn)lyzing activities 
displayed by HEKBl and HEKB2 cells. 

mutated substrate is twice as eflRcient as that observed for the 
non-mutated analog (Fig. 5C). 

Another clue for stating that our novel assay was /3-secretase- 
specific was the strong pH requirement observed. We have car- 
ried out the assay at pH ranging from 2 to 10 (in 25 mM Na"- 
acetate/MES/Tris/TES to avoid any intrinsic influence other than 
the pH). The activity was sharply maximal at pH 4-4.5 for 
JMV2236- (Fig. 6A) and JMV2235- (not shown) hydrolyzing ac- 
tivities in both Bl and B2 cells. It was interesting to note that at 
pH 8, very high JMV2236-<;leaving activities were displayed by 
Bl and B2 calls but that, unlike at pH 4.5, remains totally 
insensitive to the /3-secretase commercial inhibitor (Fig. 6, A and 
B). This further indicates that our assay allows selective dosage 
of /3-secretase only at pH relevant for BACE biological activity. 

Comparison of JMV-based Assay with a Commercial fi-Secre- 
tase Assay by Use of Cathepsin I»— BACEl and BACE2 hydro- 
lyze another commercial fluorimetric substrate (CS) with iden- 
tical pH (Fig. 7A) and inhibitor-sensitive (Fig. 7, A and C) 
manners. At acidic pH, CS appeared even better cleaved by Bl 
and B2 cells than JMV2235 and JMV2236 substrates (Fig. IE). 
We took advantage of the description of cathepsin D as an in 
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Fig. 6. Inhibitor-sensitive JMV2236 hydrolysis by BACEl- and 
BACE2-expressjng ceUs is pH-dependent. BACEl- {HEKBl) or 
BACE2- (HEKB2) expressing cell proteins (30 Mg) were incubated with 
10 ;iM JMV2236 (A) for 30 min at pH 4.5 or 8, in the absence (-) or 
presence ( + ) of a commercial /3-secretase inhibitor (CI, 10 ^M), then the 
activity was fluorimetrically recorded as described under "Experimen- 
tal Procedures." Bars are the mean : S.E. of eight determinations. 
Specific activities in B correspond to initial velocity measurements of 
the JMV2236-hydrolyring activity obtained with or without inhibitor. 
The % of inhibition was calculated after subtraction of the Cl-insensi- 
tive activity obtained in mock-transfected cells (see "Results"). A fluo- 
rescence of 700 corresponds to 1 nmol of Abz-VNL-OH liberated. 

vitro p-secretase-like activity (40, 41) to further compare the 
usefulness and accuracy of these two assays. Interestingly, 
although purified cathepsin D potently hydrolyzed CS and 
JMV2235, this enzyme was imable to hydrolyze the mutated 
substrate JMV2236 (Fig. 8, A and B). This shows that on the 
basis of the hydrolysis of CS or JMV2235 only, cathepsin D 
would have behaved as a good /3-secretase candidate. The dual 
screening with JMV2235 and -2236 makes it fall in the cate- 
gory of the p-secretase "false positive" candidates. These data 
indicate the drastic improvement brought by our new assay for 
the monitoring of putative unknown /3-secretase-like candi- 
dates and also confirm the fact that cathepsin D is not fi-secre- 
tase. The selectivity of the assay was further emphasized by 
the inability of ADAMIO, TACE, and presenilins 1 and 2, the a- 
and y-secretases candidates to cleave JMV2236 (Fig. 9). 

Novel in Vitro Inhibitors of BACEl and The above 

data suggested the use of JMV2236 as a good probe to screen 
for putative in vitro /3-secretase inhibitors. We have studied the 
putative inhibitory effect of 26 peptidic sequences modified at 
the /3-secretase site and harboring various N- and C-terminal 
lengths (Table I). Most of the molecules are displaying a sta- 
tine-derived group, a non-cleavable residue that mimics the 
tetrahedral intermediate of catalysis by aspartyl proteases. 
The statine group can be replaced by an AHPPA ((3S,4S)-4- 
amino-3-hydroxy-5-phenyl-pentanoic acid) moiety without in- 
fluencing the inhibitory activity toward both BACEl and 
BACE2 (compare JMV1197 and JMV1200 in Table I and Fig. 
10). JMV1195 and JMV1197 block BACEl (Fig. IQA) and 
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BACE2 (Fig. lOB) with IC50 values in the micromolar range 
(Fig. IOC and Table II), suggesting that shortening the N- 
terminal part of the inhibitor does not significantly alter its 
potency. The C-terminal length appears more important be- 
cause shortening it by only one amino acid leads to an inactive 
inhibitor on BACE2 and less potent agent against BACEl 
(compare JMV1196 and JMV1197; Fig. 10, A and B). It is 
noteworthy that this screening led to the identification of mol- 
ecules that appear to discriminate between BACEl and 
BACE2. This appears to be the case for JMV1321 which is more 
potent on BACE2 than on BACEl whereas the contrary is true 
for JMV1196 (Fig. 10, A and B). 

DISCUSSION 

Although the etiology of Alzheimer's disease is not formally 
known, it is difficult to consider the overproduction of the 
amyloid p peptide (A/3) as an innocuous and inert event in the 
progression of the disease. Causative or not, Afi is the most 
obvious biochemical common denominator between sporadic 
and familial forms of this disease. Thus, the mutations trigger- 
ing the genetic forms of Alzheimer all lead to an acceleration of 
the disease progression that, if not directly because of a mod- 
ulation of Aj3 production, appears at least linked to it (for 




Fig. 7. BACEl and BACE2-hydrolyzing activity toward a 
^-secretase commercial substrate. BACEl- (HEKBl) or BACE2- 
(HEKB2) expressing cell proteins (30 >ig) were incubated with a com- 
mercial (j-secretase substrate (10 iM) for 30 min at pH 4.5 or 8, in the 
absence (-) or presence {-!-) of a commercial 0-secretase inhibitor (CI, 
10 im) and then the activity was fluorimetrically recorded as described 
under "Experimental Procedures." Bars are the mean 2: S.E. of six (C) 
or eight (A and B) determinations. 



Fig. 8. Hydrolysis of JMV2235, 
J1VIV2236, and the p-secretasc com- 
mercial substrate by purified cathep- 

sin D. A, purified cathepsin D activity 
(0.5 ng) was assayed for the indicated 
time periods at pH 4.5 with 10 fM 
JMV2236, JMV2336, or commercial sub- 
strate (CS). In B, bars are the mean i: 
S.E. of six determinations and compare 
the fluorescence generated from the indi- 
cated substrates by cathepsin D and 
BACEl. A fluorescence of 700 corre- 
sponds to 1 nmol/30 min of Abz-VNL-OH 
liberated. 



reviews, see Ref. 42-45). This so called "amyloid cascade" hy- 
pothesis (46) implies that the secretases that generate A^ could 
be considered as major targets of therapeutic strategies aimed 
at slowing down the onset and progression of the disease. 

A/3 is generated from a transmembrane precursor, the 
/3-amyloid precursor protein, by subsequent attacks by p- and 
y-secretases, which liberate the N- and C-terminal moieties of 
A/3, respectively (for reviews, see Refs. 2 and 47-49)). The 
nature of the y-secretase is still discussed (4, 5, 50, 51) and 
awaits definitive identification whereas the /3-secretase func- 
tion is more consensually ascribed to BACEl (/3-site APP cleav- 
ing enzyme also called memapsin 2 or Asp2, (6-9)). Both /3- and 
y-secretase inhibition could be theoretically seen Eis a means to 
prevent A/3 production but several apparently uncircumvent- 
able problems lead to the conclusion that y-secretase is not an 
adequate target. Thus, inhibitors of the y-secretase activity not 
only prevent A/3 production but also alter the processing of 
various proteins involved in vital fimctions at adulthood (52- 
56). Furthermore, preventing /3APP processing at the y-secre- 
tase site increases the recovery of the highly toxic C99 product 
(3) that accumulates in AD brains (57). 

At first sight, /3-secretase appears as a much better target. 
First, it is noteworthy that BACE expression and activity are 
elevated in sporadic Alzheimer's disease brains, particularly in 
the cortical and hippocampal areas affected in the disease 
(58-60). Second, the abrogation of the BACEl gene totally 
abolishes the formation of A^-related species and C99 product 
in knockout neurons (17) and BACEl-deficient mice brain (16). 
Of most interest, mice devoid of BACEl develop normally and 
have an unaltered phenotype (16, 18). The latter indicates that 
even if BACEl specificity for /3APP is not exclusive, the other 
targeted substrates do not share essential fimctions or that 
another enzyme can complement for BACE-mediated proteol- 
ysis. This contrasts with presenilins-dependent y-secretase- 
like cleavages, which when abolished, trigger lethality at the 
embryonic stage (61-63) and severe alterations at adulthood, 
particularly in thymocyte development (52, 64). 

We have set up stable transfectants overexpressing BACEl. 
When expressed together with /3APP, we observed that the 
production of sAPP/3 and C99, the two /3-secretase-derived com- 
plementary products were increased, but to a much lesser 
extent for the latter. This is likely because of the subsequent 
cleavage of C99 inside the A/3 domain, leading to an N-termi- 
nal-truncated fi-agment as previously described (7, 65, 66). This 
agreed well with our observation that genuine A/3, i.e. Afi 
starting at the canonical Asp-1 residue, was drastically reduced 
after overexpression of BACEl. These features also stand and 
were even accentuated when studying cells overexpressing 
BACE2, the BACEl parent protein. In this case, fiiU-length A/3 
appeared barely detectable in agreement with studies indicat- 
ing that BACE2 mainly cleaved in the middle of the A/3 se- 
quence, afl»r the 19"" and 20* residues (28, 67, 68), thereby 
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Fig. 9. Hydrolysis of JMV2236 by several "secretase" candi- 
dates reveals selectivity for /S-secretase. Mock-transfected 
HEK293 cells or cells expressing BACEl (Bl), presenilin 1 (PSD, pre- 
senilin 2 (PS2), ADAMIO or TACE were obtained as described under 
"Experimental Procedures." Thirty fig of proteins were assayed for 30 
min at pH 4.5 (Bl cells) or neutral pH (other cells) with 10 JMV2236 
and then the activity was fluorimetrically recorded as described under 
"Experimental Procedures." Bars are the mean ± S.E. of eight 
determinations. 



963 Boc-Asn-Leu-iWC/faNW-Aap-Ala-NHj 

946 Boc-Asn- Sta -Asp-Ala-NH2 
945 Boc-Val-Asn- Sta -Ala-NHj 
931 Boc-Asn- Sta -Ala-NH^ 

947 Boc-Asn- Sta -Ala-Glu-NHj 

1104 Ac-Glu-Val-Asn- Sta -Ala-Glu-Phe-NH.^ 

1200 Ac-Val-Asn- Sta -Ala-Glu-Phe-NHa 

1201 Ac-Aan- Sta -Ala-Glu-Phe-NH^ 

1105 Ac-Val-Asn- Sta -Ala-Glu-NH^ 

1242 Ac-Glu-Val-Lys- Sta -Ala-Glu-Phe-NHj 
1251 Qui-Val-Asn- Sta -Ala-NH^ 

1250 Qui-Asn- Sta -Ala-NH^ 

1318 Qui-Asn-iVorsta-Asp-NHj (S,S) 
1317 Qui-Asn-JVorsta-Asp-NH-i (S,R) 

1319 Qui-Val-Asn-iVorsta-Asp-NHj (S.S) 

1320 Qui-Val-Asn-iVorsta-Asp-NHj (S.R) 

1244 Boc-Asn-ATorsta-Ala-NH^ (S.S) 

1245 Boc-Asn-iVorsta-Ala-NHj (S,R) 

1322 Ac-Glu-Val-Asn-JVorsta-Ala-Glu-Phe-NH^ (S,S) 

1321 Ac-Glu-Val-Asn-Aforsto-Ala-Glu-Phe-NHj (S,R) 

1195 Ac-Glu-Val-Asn-AHP/'A -Ala-Glu-Phe-NH^ 
1197 Ac-Val-Asn-Af/PPA -Ala-Glu-Phe-NH.^ 

1202 Ac-Asn-AHPPA -Ala-Glu-Phe-NH^ 

1196 Ac-Val-Asn-AHPPA -Ala-Glu-NH^ 

1243 Ac-Glu-Val-Lys-A//i>M -Ala-Glu-Phe-NH^ 
1300 Ac-Glu-Val-Asn-ACflPA -Ala-Glu-Phe-NH^ 



leading to N-terminal truncated products that escaped immu- 
nological detection in our conditions. In line with these data, 
N-terminal truncated C89 and C79 accumulated in BACEl- 

and BACE2-expressing cells, respectively. 

We have set up a new fJ-secretase assay based on the hydrol- 
ysis of two quenched fluorimetric substrates, one of which 
harboring the Swedish mutation is thought to enhance 0-secre- 
tase cleavage (see Introduction). The assay allows to monitor a 
time- and dose-dependent fluorescence specifically increased 
by BACEl and BACE2 overexpression. More importsmt, we 
establish that this activity was maximail at acidic pH and 
enhanced by the Swedish mutation, in agreement with the 
reported properties of |3-secretase activity (for reviews, see 
Refs. 10, 11, and 69). It should be noted that the effect of the 
mutation on BACE activity appears weaker with these fluori- 
genic substrates than with ^APP itself This is likely because of 
the fact that BACEs act better as protease rather than pepti- 
dases. This semantic discrimination implies that these pro- 




? of the 



Fig. 10. Effect of new inhibitors toward BACEl and BACE2. 

BACEl- (A) or BACE2- (S) expressing cell proteins (30 mi 
bated with JMV2236 ( 10 /hm) for 30 min at pH 4.5 in the pr 
indicated JMV inhibitors ( 10 /j,m) and then the activity was 
cally recorded as described under "Experimental Procedures." Bars are 
the mean i: S.E. of four determinations. In C, a complete dose-response 
curve of the indicated JMV inhibitors obtained with BACE2-expressing 
cells is shown. 



Commercial inhibitor 

JMV1195 

JMV1197 

JMV 1200 

JMV1300 



10 MM 
10 MM 



teases hydrolyze preferentially proteins rather than small pep- 
tides because the former hkely fit better with a relatively larger 
recognition/catalytic pocket (70). 

It is interesting to note that the signature of a genuine 
j3-secretase activity is indeed revealed by the mutation-induced 
differential fluorescence monitored by this dual assay. Thus, 
cathepsin D, a protease with in uitro-like j8-secretase activity 
(40, 41), indeed cleaves efficiently a commercial substrate mim- 
icking the ^-secretase-targeted sequence. However, oiu- assay 
demonstrated that this protease did not behave as a good 
/3-secretase candidate because it did not hydrolyze JMV2236, 
the fluorimetric substrate bearing the Swedish mutation. This 
dual assay therefore proved useful to monitor genuine /3-secre- 
tase activities. In this context, it is interesting to note that 
recently, splice variants of BACEl have been identified in 
human brain and pancreas (71, 72). Our assay should allow the 
monitoring of other putative BACE-Uke activities and help 
reveal yet unknown functions of these activities. 

The most potential interest of our assay would be to design 
highly potent, bioavailable and metaboUcally stable inhibitors 
of BACEl. This is a real chaOenge because tmtil now, the 
inhibitors designed are mostly peptide-based (for reviews see 
Refs. 10, 11, and 73), and therefore poorly enter the blood-brain 
barrier and are susceptible to proteolysis. Our rapid, reproduc- 
ible and sensitive assays should allow to screen for numerous 
inhibitor candidates. Our data allow to establish that the 
length of the C-terminal tails adjacent of a stabilizing statine 
group is a more drastic structural requirement to maintain full 
efficiency than length of the N-terminal moiety. Our data also 
showed the potential of designing fully specific BACEl or 
BACE2 inhibitors. Thus, we found inhibitors of BACEl or 
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BACE2 that appeared inactive on the parent protease. Al- 
though these compounds clearly did not fully discriminate be- 
tween the two enz3anes, they constitute the starting point of a 
rational design leading to the selection of fully selective block- 
ing agents. This is not only a biochemical challenge but indeed 
an important issue. Thus, BACE2 cleaves mainly inside the 
sequence, at a nonamyloidogenic site and therefore likely con- 
tributes to the depletion of Aj3 or BACEl-generated A^-related 
species. In this case that likely reflects most of sporadic AD, 
inhibition of BACEl but not BACE2 is an important issue. On 
the other hand, BACE2 is encoded by chromosome 21 and 
therefore possibly contributes to the neuropathological AD-like 
stigmata that take place in trisomic brains. Thus it has been 
shown that brains affected with Down's syndrome display ele- 
vated BACE2 expression (15). BACE2 activity also appears 
increased by the Flemish AD mutation (28). In these cases, a 
BACE2-specific inhibitor would be likely very useful. 
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